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POSmON^SPEClFIC ESrmGRATION OF \TECTOR CON^ 
EUKARYOnC GENOMES MEDIATED BY A CHIMERIC ESTTEGRASE PROTEIN 

Technical Field 

5 The present invention relates generally to the fi^^^ 

more specifically, to compositions and methods nsefiil for introdudng vector constructs 
into specific regions of target eukaryotic cell genomes. 

Background Of The Invention 

10 Since the discovery of DNA as the genetic material in the 1 940s and 

continuing through fiie most recent era of recombinant DNA technology, substantial 
research has been undertaken in order to realize the possibility that the course of disease 
may be affected through interaction with the nucldc acids of living organisms. Most 
recently, a wide variety of methods have been described for altering or affecting genes, 

15 including for example, viral vectors derived from retroviruses, adenoviruses, vaccinia 
viruses, herpes viruses, and adeno-associated viruses (see Jolly, Cancer Gene Thercpy 
i(l):51^, 1994), as well as physical methods of gene transfer such as lipofection 
(Feigner et al„ Proc. Natl Acad Set USA *^:7413.7417, 1989), direct DNA injection 
(Acsadi at al,. Nature 552:815-818, 1991), microprojectile bombardment (Williams et al., 

20 PNAS 55:2726-2730, 1 991), liposomes of several tjTpes {see, e.g,, Wang et al., PNAS 
84:7S5 1-7855, 1987) and administration of nucleic adds alone (WO 90/11092). 

Of the techniques studied to date, recombinant retroviral gene delivery 
methods have been most extensively utilized, in part due to: (1) the efBdent entry of 
genetic material (the vector genome) into cells; (2) an active, eflBdent process of entry 

25 into the target cell nudeus; (3) relatively lugh levels of gene ^ression; (4) the potential 
to target partioilar cellular subtypes through control of the vector-target cell binding and 
the tissue-specific control of gene expression; (5) a gener^ lack of pre-existing host 
immunity; and (6) substantial knowledge and clinical experience which has been gained 
\wth such vectors, 

30 Briefly, retrovinises are diploid positive-strand RNAvimses that replicate 

through an integrated DNA intermediate. Typically, retroviruses comprise a protein- 
containing lipid envelope surrounding a protein-encapsidated core carrying the viral 
genome. Retroviral infection is initiated by attachment of a viral particle to a specific 
receptor on the surface of a eukaiyotic cell, after which the cell and viral membranes fiise, 

35 releasing the genome-containing capsid into the cell's cytoplasm. The retroviral genome is 
then reverse-transcribed into double stranded linear DNA by a virally encoded reverse 
transcriptase enzyme that is among the components packaged into each infectious 
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retroviral particle. Following processing of the linear DNA by the integrase (IN) protein 
(also encoded by the retrovirus and packaged into the retroviral particle along with 
reverse transcriptase during virion assembly) to remove two nucleotides from each 3' end 
of the DNA, the nucleoprotein complex enters the nucleus, where the viral DNA is then 
5 integrated pseudo-randomly by staggered cleavage of the host cell genome and joining of 
tiie viral DNA to the host cell DNA by strand transfer, creating a "provirus** form of the 
retroviral genome which is inherited by daughter cells. The processing and joining 
reactions are mediated by IN and the position of pseudo-random integration appears to be 
determined mainly by host DNA accessibility, not by nucleotide sequence (Kulkosfcy, ct 

10 al. (1994), Pharmac. Then, vol. 61:185-203). 

Wild-type retrowal genomes (and their proviral copies) Cfontain at least 
tiiree genes (the jgog; pol and env genes), whiph are preceded by a packaging signal (y), 
and long terminal repeat (LTR) sequences which flank both ends. Briefly, the gag gene 
encodes the internal core structural protems. The po/ gene code 

15 DNA polymerase which reverse transcribes the RNA genome and for IN, and the env 

gene encodes the retroviral envelope glycoprotdns. The 5* and 3' LTRs contain ciy-acting 
elements necessaiy to promote transcription and polyadenylation of retroviral RNA. 

Adjacent to the 5* LTR are sequences necessaxy for reverse transcription 
of the genome (the tKNA primer binding rfte) and for effident encapsidation of retroviral 

20 RNA into particles (tiie y sequence). Removal of the packa^g signal prevents 

encapsidation (packaging of retroviral RNA into infectious virions) of genomic RNA, 
although the resulting mutant can still direct synthesis of all proteins encoded in the viral 
genome. 

Recombinant retroviruses and various uses thereof have been described in 
25 numerous references including, for example, Mann et al, (Cell 33:153, 1983), Cane and 
Muffigan (Proc. Natt Acad ScL USA 81:6349, 1984), Miller et al,, Humcm Gene 
Therapy 1:5-14, 1990, US. Patent Nos, 4,405,712; 4,861,719; 4,980,289, PCT 
AppUcation Nos, WO 89/02,468; WO 89/05,349 and WO 90/02,806, and United States 
patent appHcation serial nos, 08/1 16,827 (filed September 3, 1993), 08/1 16,828 (filed 
30 September 3, 1993), 08/1 16,983 (filed September 3, 1993), 08/366,851 (filed December 
30, 1994), 08/425, 180 (filed April 20, 1995), and 08/425,762 (filed April 20, 1995). 
Briefly, one or more foreign genes of mterest may be incorporated into the retrovirus in 
place ofa large portion of the normal retroviral RNA. The resultant recombinant 
retroviral vector constructs are packaged into infectious retroviral particles using one of 
35 several systems to supply the requisite retrowal proteins needed to form infectious 
virions, the various proteins encoded by the gag, pol, and env genes. Following 
infection ofa cell vnth such a recombinant retrovirus, the recombmant genome encoding 



wo 96/37626 



PCTAJS96/06727 



the foreign gene(s) may then be integrated into the host^s cellular DNA as if it were the 
retrovirus itself. Expression of this foreign gene(s) within the host results in expression of 
tiie foreign protein by tiie host cell. 

Despite the utility of recombinant retroviruses as gene delivery vehicles, 
5 several shprtcorpings are known, including their general ability to infect only replicating 
cells, their inherent graome packaging size limitations, the potential for insertional 
mutagenesis, ie,, oncogene activsrtion or disruption of a tumor suppressor gene or other 
essential gene required for cell survival, due to the random nature of retroviral integration, 
and the potential for contamination of recombinant retroviral preparations with wild-type, 

10 replication competent retro\irus (RCR) which may arise as a result of one or more 

recombination events between vectors used to produce the recombinant virions in various 
packa^g or producer cell systems. 

Due to the apparent ability of retrowuses to infect only replicating cells, 
methods for increasing the efficacy of recombinant retrovdruses have beeti developed. 

15. Such methods typically aim at inducing cells to replicate, thereby allowing the retroviruses 
to infect the cells. Such methods have included, for example, chemical treatment with 
10% caAon tetrachloride in mineral oil (Kaleko et aL, Human Gem Thereby 2:27-32, 
1991) and surgery to remove particular tissue, thereby stimulating rapid cell division to 
increase ceninfectabiUty(Kettingeretal*,^^^ 1994;Moscionietal,, 

20 Surgery J J 3:304-31 1, 1993; ). In addition, other methods for transducing cells (te., 
infecting cells v^th a recombinant retrovirus) resistant to standard transduction 
techniques, such as stem cells and non-di\dding cells, using preparations of high tit^ 
recombinant retroviral particles substantially free from contamination vnih replication 
competent retrowus, have recently been developed. ^feeU.S.S-N. 08/425,180, 5ttpm. 

25 Concerns about contamination ofreconibinant retro\dral preparations 

RCR have been substantially avoided or eliminated by the development of a variety of 
packaging cell systems designed to prevent RCR production. Such systems are described 
in greater detail below. 

Despite these and other advances in retroviral gene delivery technology, 

30 some scientists have suggested that other potentially more efiScient methods of gene 
transfer, such as direct administration of pure plasmid DNA (Davis et al„ Human Gem 
Therapy -/:733-740, 1993) or, alternatively, other viral gene delivery vehicles, for instance 
those based on DNA viruses or non-integrating RNA wuses, be utilized. However, these 
alternative systems also have shortcomings, such as providing for only trandent 

35 expression, thereby requiring repeat administration for treatment of many diseases 

amenable to a gene therapy approach although, due to pre-existing immunity of many 
potential patients to the wild-type forms of such alternative viral systems or, in the case of 
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naked nucleic acids, to the immunogenicity of the gene deKveiy vehicles themselves^ 
repeated therapy using the same gene delivery vehicle may not be posidble. 

In view of the current state of the art vwth respect to gene delivery 
vehicles, there e?dsts a need to provide g^e deliveiy vehicles enable of providing stable, 
5 long term expression of one or more desired genes without many of the shortcomings of 
the existing gene delivery technologies. Toward this end, it is the object of the present 
invention to provide compositions and methods enabling the position-spedfic introduction 
of a vector construct encoding one or more desired geneis into a eukaiyotic genome. 
Accordingly, the present invention has implications in the areas of somatic cell and germ 
10 cell gene therapy. 

Summary of the Invention 

Briefly stated, the present invention provides chimeric integrase proteins 
capable of directing integration of a vector construct into a defined region of a target 

15 eukaryoticgenome, as well as methods for nfiaking and utili^g ch^ 

proteins. Within one embodiment of this aspect, the chimeric integrase protein directs 
integration of a vector construct into a region adjacotit to a ^karyotic gene transcribed by 
KNTA polymerase HI. Preferably, such integration typically occurs vniim less than about 
1,000 bp of the KNA pol III transcription initiation site, within less than about 100 bp of 

20 the transcription iiutiationdte beiiig more prefared, and withm less ^t^ lObp, te., 9, 8, 
7, 6, 5, 4, 3, 2, and 1 bp, of the transcription initiation site being most preferred. 

\^thm one embodunent of this aspect, theposition-spec^dty of the 
chimericintegrase proteinismediatedby a domain £romTy3 integrase. In another 
embodiment, the chimeric integrase is derived from a retroviral integrase protein. In a 

25 preferred embodiment, the chimeric integrase protein Is derived from Moloney murine 
leukemia virus. A representative example of such a chimeric retrovhal integrase is one 
vAnch comprises, from amino to carboxy terminus, an A domain, a B domain, and a C 
domam, i;dierem at least one such domain is derived from Ty3 integrase. Specific 
examples of such chimeric integrases include those selected from the group consisting of 

30 AmBmCt, AniBtCm, AmBtCt, AtBtCm, and AtBmCm, wherem "m" denotes a MoMLV 
integrase derivation and "t" denotes a Ty3 mtegrase derivation. In other embodunents, 
the chimeric integrase protem may be isolated or purified. 

Yet another embodunent of this aspect relates to a chimeric integrase 
protein which directs integration of a vector construct into a defined region of a target 

35 eukaiyotic genome being incorporated into gene delivery vehicle, wherem the gene 
delivery vehicle frirther comprises a vector construct encoding a heterologous gene 



WQ 96/37626 PCT/US96/06727 

product, the heterologous gene product being selected from the group consisting of a 
polypeptide, an antisense KNA, a sense KNA, and a ribosyme. 

\^^thin another aspect, vector constructs wWch encode a chimeric 
integrase protein of the mvention are pro\dded^^ Such constructs, also referred to as 
5 "chimeric integrase expression vectors, ** comprise ^rt least one element which controls 
gene expression, e.g.^ a prokatyotic or eukaryotic transcriptional promoter, an enhancer 
or locus defining element(s), or other elenients which control gene expression by oth^ 
means such as alternate splicing, iKuclear RNA export, post-transcriptional modification of 
messenger RNA, or post-translatiortal modification 0 
10 i e., to efiect regulation of gene expression, of a gene encoding a chimeric integrase 
proteuL 

A related aspect of the invention concerns host cells into wMch vector 
constructs which encode a chimeric integrase are introduced, for instance by 
transformation, transfection, transduction, or tiny other techmque useful for introduction 

15 of nucleic acid into a cell. Such ho^ 6ells include both prokaiyotic and eukaiyotic host 
cells. Such cells can be used for various purposes, for instance, to produce chimeric 
mtegrase protdn. Ghinieric integrase may be so produced by culturing host cells under 
suitable nutrient conditions (wWch wll vary depending upon the host cell employed, the 
expression system in use, ^rc.) in a manner allowing expression of the chim^c integrase 

20 protein, llie resdtant eWmeric mtegrase may optionally be isolat^^ 

instance by aflBnity chromatography using an antibody reactive against an epitope of the 
chimeric integrase. In one embodiment, a chimeric int^ase protein so produced is 
incorporated into a gente deUveiy vehicle assembled by an7/2W^^ In another 

embodiment, such host cells are packaging cells for the production of recombinant viral 

25 particles. In addition to the other components required for assembly of infectious viral 
particle, packa^g cells also produce the chimeric integrase protein which is incorporated 
into the viral particles. 

Within another aspect of the invention, gene delivery vehicles are provided 
which comprise a chimeric integrase protdn to direct mtegration of a vector construct 

30 into a defined re^on of a target eukaryotic genome and the vector construct. One 

embodiment concerns recombinant retro\iral particles comprising a chimeric retrowal 
integrase protein to direct integration of a recombinant retrowal vector construct into a 
defined re^on of a target eukaryotic genome and the recombinant retroviral vector 
construct. In a preferred embodiment, such recombinant retroviral particles are 

35 transduction competent, and more preferably, are substantially free of contamination with 
replication competent retrovirus. In another preferred embodunent, the defined region of 
a target eukaryotic genome is a region adjacent to a eukaryotic gene transcribed by RNA 
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polymerase m. Eukaiyotic genes transcribed by RNA poI m include tRNA genes and 5S 
RNA genes. In another embodiment, transduction competent recombinant retroviral 
particles are pro\dded which lead to a reduced rate of insertional mutagenesis caused by 
integration of the recombinant retroviral vector construct into a eukaryotic genome as 
5 compared to integration of the recombinant retroviral vector construct mediated by a 
transduction competent recombuiant retroviral particle carrying vnld type retroviral 
integrase proteiit Another embodiment involves transduction competent recombinant 
retroviral particles which, in transduced eukaryotic cells, lead to decreased variation in 
eTcpression of a gene of interest carried by the recombinant retroviral vector construct as 
10 compared to expression of the gene of interest in eukaryotic cells transduced with a 
transduction competent recombinant retroviral pardcle carrying wild ^e retroviral 
integrase protein. 

\Vittun another aspect of die invention, pharniaceuti 
comprising a gene delivery vehicle according to the invention and a pharmaceutically 

15 acceptable carrier are provided. Another embodiment provides pharmaceutical 

compositions comprising a gene deliveiy vehicle, for instance a recombinant vims particle, 
e.g., a recombinant retroviral particle, a recombinant alphavirus particle (for example, a 
recombinant Sindbis virus particle), a recombinant adenovirus particle, a recombinant 
adeno-assodated virus particle, recombmant herpes virus particle, and a recombinant pox 

20 virus particle, that are lyophilized or dehydrated. In a preferred embodiment, the gene 
delivery vehicle is transduction competent. A particulariy preferred embodiment is a 
transduction competent recombinant retroviral particle that is lyophilized. 

l^tfain yet another aspect of the inveiitioxi, eukaryotic cdl genomes (and 
the corresponding transduced eukaiyotic cells) comprising a vector construct integrated 

25 into a defined re^on are provided. Within one embodiment of this aspect, the defined 
re^on mto winch the vector coristnict is integiBted is a re^^ 
gene transcribed by KNA polymerase HI. 

Within another aspect of die invention, methods are provided for 
introducing a vector construct into a eukaryotic cell genome such that there is a reduced 

30 rate ofinsertional mutagenesis caused by integration of the vector construct mtoA^ 
eukaiyotic cell genome as compared to the rate of insertional mutagenesis caused by 
integration of the vector construct by a wild type integrase protein, the method 
comprising introducing the vector construct into the eukaryotic cell genome usmg a 
chimeric integrase protein of the invention, 

35 Within a related aspect, methods are provided for introducing a vector 

construct into a defined region of a eukaryotic cell genome such that there is decreased 
variation in expression of a gene of interest fi-om the vector construct in eukaryotic cells 
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into \s^ch the vector const^ 

interest in eukaryotic cells wherein the vector construct is introduced using a wild type 
integrase protein, the method comprising introducing the vector construct into the 
eukaryotic cell genome using a chimeric integrase protein of the invention. 
5 Other aspects of the invention relate to methods of treating a dsease 

selected form the group consisting of a genetic disease, a cancer, an infectious disease, a 
degenerative disease, an inflammatory disease, a cardiovascular disease, and an 
autoinimune disease. In one embodiment, the methods comprise in vivo administration to 
a patient of a gene delivery vehicle which directs the integration of a vector construct into 
10 a defined re^on of a target eukaryotic genome. Within another embodiment, the methods 
comprise administering to a patient cells treated ex vivo with a gene delivery veMcle 
which directs the iiitegration of a vector construct into a defined region of a target 
eukaryotic genome. Such ex vivo methods are pref^ably performed with transduced 
autologous cells. 

15 

BriefPesc ription of the Drawings 

Hgwe 1 is a graphic representation of the Ty-3 and MoMLV genomes. 

Figure 2 is a graphic representation of the **A**, ••B", and **C" domains of 
the Ty3 and MoMLV integrase proteins. AmitK> acid numbers are presented at the 
20 boundaries of each domain. 

Rgure 3 is an amino add alignment between the primary sequences of Ty3 
integrase (above) and MoMLV integrase (below) - Boundaries for the •'A", *B**, and "C" 
domains are represented by arrows- The conserved H-H-C-C and D-D-B motifs in each 
protein are shown. . 

25 Figure 4 shows the plasmids B AG^EX, pRgpKan, and pgpChimNeo, the 

latt^ generically referencing the expression vector used to make the chimeric integrase 
proteins described in Example 1. 

Figure 5 graphically depicts each of the seven chimeric MoMLV/Ty3 
integrase proteins. 

30 Figure 6 (a) and (b) illustrate the plasmid constructions used to generate 

the chimeric integrase proteins described in Example 1 . 

Figure 7 provides the nucleotide sequences of the oligonucleotides used to 
generate five of the seven chimeric integrase protems described in Example 1, Above 
each oligonucleotide sequence are the complementary sequ^ces of the MLV and Ty3 
35 integrase genes. 7/" indicates wh^e the loop-out occurred in each mutagenesis reaction. 

Figure 8 is a illustrates the pseudotyping procedure used to produce 
infectious retroviral particles containing the chimeric integrase pro^^ 
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Figure 9 illustrates how the integration library described in Example 1 is 

made. 

Detailed Description pf the Invention 

^ Prior to setting forth the invCTtion, it my be helpful to an understanding 

th^eof to set forth definitions of certain terms that will be used hereinafter. 

A "vector construct" refers to a reconibinantly produced nucle^^ 
molecule i^dlich is capable of directing the expression of one or more genes of interest, 
sometimes referred to herem as "heterologous sequences." The vector construct must 

10 include a promoter capable of direqUng the expression of (/.^* , be "functionally associated 
with") smd gene(s) of interest, and a heterologous sequence, the expression product of 
which is preferably of therapeutic or prophylactic value. The products of the expression 
of such genes include proteins, polypeptides, antisense KNA, sense RNA, and ribozymes. 
Optionalfy, the vector construct may include transcription tenmination, splice recognition, 
15 polyadenylation addition sites, and one or more genes coding for a selectable marker. In a 
multivalent vector construct, i.e., a vector construct coding for more than one gme of 
interest, there need not, although there may be, a promoter to direct the expression of 
each het^ologous sequatice. In a preferred embodiment wherein the multivalent vector 
construct codes for the expression of two or more genes of interest, expression of the 
20 gene(s) downstream of the first is mediated by an internal ribosome entry site ("IRES") 
sequence. 

"Yird vector", "recombinant viral vector"^ "viral vector constfuct% 
"recombinant vird vector constnict" refers to a nucldc add constnict which car^ 
within certain embodiments, is capable of directing the expression of a vector construct 

25 according to the invention. The viral vector must indude at least one transcriptional 
promoter/enhancer or locus defining element(s), or other elements wliich control gene 
expression by other means such as alternate splidng, nuclear KNA export, post- 
translational modification of messenger, or post-transcriptional modification of protein. 
In addition, any other nucleic acid component essential for inclusion within a viral particle 

30 of the particular type intended is included. Optionally, the recombinant retroviral vector 
may also include a signal which directs polyadenylation, sdectable maricers such as 
resistance to neomydn, hygromydn, phleomycin, Mstidinol, or proteins such as DHER 
(confers methotrexate resistance) and HSVTK (confers gandlovir sens 
one or more restriction sites and a translation termination sequence. 

35 "Retroviral vector construct\ Retroviral vector", "recombinant re^^ 

vector", and "recombinant retroviral vector construct" refers to a nucleic add construct 
which carries, and withm certdn embodiments, is capable of directing the expression of a 
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vector constmct aceordmg to the invention. The retroviral vector must include at least 
one transcriptional promoter/enhancer or locus defining element(s), or other elements 
which control gene expression by other means such as alternate splicing, nuclear RNA 
export, post-translational modification of messenger, or post-traiiscriptional modification 
5 of protdn. Such vector constmcts must also include sequence encoding a packaging 
signal, long terminal repeats (VTRs) or portion thereof and positive and negative strand 
primer binding sites appropriate to the retrowus used Of these are not already present in 
the retroviral vector); Optionafly, the recombinant retroviral vector may also in^^ 
signal which directs polyadenylation, selectable maricers such as resistance to neomycin, 

10 hygromydn, phleomycin, histidinol, or proteins such as DHFR (confers methotrexate 
resistance) and HSVTK (confers gancOovir sensitivity), as well as one or niore restriction 
sites and a translation termination sequence. By way of example, such vectors ^ically 
include a 5* LTR, a sequence coding for a tRNA binding site, a sequence coding for a 
packaging signal, an ori^ of second strand DNA synthesis, and a 3 * LTR or a portion 

15 thereof 

•*B^ombinaLnt I>NA molecule" is used firom time to time in place of 
"vector construct** or "retroviral vector construct." 

A "gene delivery vehicle" refers to a composition capable of delivering a vector 
construct to an eukaiyotic cell v^ch fiirther comprises a chimeric IN protein according to 

20 the invention to promote position-spedfic integration of the vector constmct into the 

genome of the eukaiyotic cell. Representative examples of gene delivery vehicles include 
recombinant viral vectors (e.g. alphawuses such as Sindbis), phy^cal systems (e.g. 
ELVS), other >iral systems (e.g. adenovirus, adeno*associated vims, and poxvirus), a 
nucleic add vector (such as a plasmid), a naked nucleic add molecule sudi as genes, a 

25 nucleic add molecule complexed to a polycationic molecule capable of neutralizing tjie 
negative charge on the nucldc add molecule and condensing the nucldc add molecule 
into a compact molecule (jree WO 93/03709), a nucleic add assod^^ 
(Wang, e/ ai, P;\M5*^:785 1/1987), a bacterium, and cer^ 

producer cell, that are capable of delivering a nucleic add molecule having one or more 
30 desirable properties to host cells in an organism. As discussed below, the desirable 

properties include the ability to express a desired substance, such as a protein, enzyme, or 
antibody, and/or the ability to provide a biologiCjal activity, which is where the nucleic acid 
molecule carried by the GDV is itself the active agent \wthout requiring the expression of 
a desired substance. One ^cample of such biological activity is gene therapy where the 
35 delivered nucleic acid molecule incorporates into a specified gene so as to inactivate the 
gene and '^tum off" the product the gene was making. Another example is where tiie 
nucldc add sequence is a antisense molecule that bmds to mRNA and inhibits translation. 
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If the nucleic acid sequence encodes a lybozyme the ribozyme binds and cleaves mRNA 
thereby inhibiting translation. 

A •^defined re^on of a target eukaryotic genome** is a region into which a 
vector construct of the invention is integrated due to the position-spedfidty of the 
integrase mediating the integration event A representative example is a region adjacent 
to a eukaiyotic gene transcribed by RNA polymerase ffi^ 

As noted above, the present invention provides compositions and methods 
for directing the position-spedfic integration of a vector construct into a eukaryotic cell 
genome through the use of a chuneric integrase protdn. Such compositions are suitable 
for administration to various eukaryotic organisms, particularly wamhblooded anunals, 
including mammals, and especially humans. By integr^ng a vector construct into a 
specific position within a eidcaiyotic genome, potential obstacles such as cell-to-cell 
variability in exprpsaon levels of the gene(s) of interest and insertional mutageneas, 
among others, can be substantially avoided or eliminated. As a result, sudi compositions 
vM be useful for efBcacious gene therapy for a varieQr of diseases by a variety of routes, 

Au Preparation OF Chimeric Integrase Protrims 

20 The en2yme responsible for catalyzing the integration event is the 

retroviral IN whidi mediates rraioval of a 3* dinucleotide from tiie ends of the 
extrachromosomal retroviral vector DNA, cleavage of the target site generating a 
characteristic (4 to 6) bp S' overhang, and figation of tiie 3' ends of the retrovi^ 
DNA to the 5* ends of the host chromosomal DNA (Fujiwara, et al (1988), Cell, vol. 54: 

25 497-504; Brown, etd. (1989), Proa Nad. Acad, Sd-USA^ The 
MoMLV intracellular viral core particle containing rq}licated DNA was shown to be 
competent for integration (Brown, et al, (1987), Cell, vol 49:347-356; Fujiwara, et al. 

(1989) , Proc, Nati. Acad, Sci. USA, vol 86:3065-3069). More recentiy, purified, 
recombinant IN togetiier with Imear molecules representing replicated viral DNA or 

30 oligonucleotide duplexes representing the ends of the replicated vims in the presence of 
buffer and divalent cations was shown to be sufficient to catalyze nicking and ligation, 
mimicking an integration reaction (Katz, et al. (1990), Cell, vol 63:87-95; Craigje, et al. 

(1990) , Cell, vol 62:829-837; Bushman, etal. (1990), Science, vol 249:1555-1558,). In 
addition, IN can perform a reversal of the integration reaction on an oligonucleotide 

35 substrate DNA (Chow, etal. (1992), Science, vol 255:723-726). 

Ty3 is a yeast retrotransposon which, except for the absence of the env 
gene, is organizationally and functionally similar to animal retroviruses (Hansen, et al. 
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(1988), MoL CeU, Biol, vol 8:5245-5256; Hansen, et al. (1990), L Virol, vol 64:2599- 
2607; Hansen, et al, (1992), J. Virol, vol 66:1414-1424.). See FIG. L Ty3 IN is 
required for nicldng of the 3' ends of the replicated Ty3 DNA by two bp and for 
integration of Ty3. Ty3 is composed of 340 bp LTRs flanking an internal domain of 4.7 
5 kbp. Transcription of the 5.2 kbp genomic RNA begins and ends in the 5* and 3' LTRs, 
respectively. The internal domain contains two ORFs, GAGS and POLS^ corresponding 
to the retroviral gag and pol genes. The GAGS gene encodes the precursor polyprotein 
Pr38^^^^, \^Wch is processed into a 26 IdDa capsid (CA) species and a9 IdDa 
nucleocapsid (NC) species. Tliese species have conserved moti& found in theu* retroviral 
10 counterparts and are fiinctionally equivalent to those proteins. The GAGS^POLS^^^ 

fiision polypeptide is processed to the GAGS proteins described above^ a 16 kDa aspartyl 
protease (PR), a pi 15 species composed ofreversetraiiscriptase(RT) which 
includes IN domains, a 55 kDa RT, and 6 1 and 58 kDa IN species. These proteins 
together with Ty3 RNAform virus-like particles (VLPs) about 50 nm in diameter and 
15 156S in size. In addition to having RNA and Ty3 proteins, the particle ftaction displays 
RT activity and contains the foll-l^gth, replicated Ty3 DNA. The primer for Ty3 
replication is initiator tRNA^^ which is complementary to the Ty3 primer binding site 
which begins 2 bp downstream of the U5 internal domain junction. As is the case for 
retroviruses, this DNA ends in the short, conserved, inverted repeats and has two bp 
20 terminal extensions compared to the integrated form. Thus it is stracturally analogous to 
the retrovirus replicated e?ctrachromosomal intermediate. 

In one enibodiment of the invention, the position specifidty of the yeast 
Ty3 element is conferred to the integrase (IN) of a Moloney murine leukemia virus-based 
retroviral vector. Integrase proteins are known to comprise at lease three domains, an 
25 amino terminal domain, a core domain C^** in FIG. 2) with strand transfer and metal 

chelation activity, while the carbojqrl terminal domain (^'C'* in FIG, 2) is involved in DNA 
binding. One or more of these discrete domains of an integrase known to confer position- 
specific integration, e.g.^ the Ty3 IN, can be substituted for the corresponding domain(s) 
of the integrase to be incorporated into a gene delivery vehicle according to the invention. 
30 Vector constructs of the invention which code for a chimeric integrase cany substitutions 
of the coding region for the amino terminal region, the core region, and the carboxyl 
ternunal region of Ty3 IN for the analogous codmg regions for the nonspecific integrase 
activity of MpMLV. 

The fiill-length protein sequence of Ty3 IN and MoMLV IN have been 
35 aligned (FIG. 3). Mutations in the D-D-E re^on conserved m Ty3 and in retrovirus IN 
and lying wthin re^on B aflfect 3' nicking and strand transft^- (Kirchner, J. and 
Saiidmeyer, S. (1992). Proteolytic processing of Ty3 proteins is requbred for 
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transposition, J. Virol. 67:1, 19-28iCulkosky, etal, (1992X Mol Cell/BioL, vol 12:2331- 
2338; Engdman, et al, (1992), I Virol., vol. 66:6361-6369). Although the amino- 
terminal and carbpxjl-terminal regions of IN are required for fiiU 3' processing and strand'- 
transfer acti>dties, these domains also appear to be functionally distinct (Bushman, et al, 
5 (1993), Proc. Natl, Acad. ScL USA, vol 90:3428-3432; Geiduschek, et al, (1988), Annu. 
Rev, Biochem., vol 57:873-914). A subdomain of this core re^on from HTV expressed 
as a recombinant protein (Kassavetis, et al. (1990), Cell, vol 60:235-245) has been shown 
to be suflScient for mediating a reversal of integration, ref^ed to as a •'disintegration* 
reaction. The conserved acidic reridues are likely to chelate the divalent cation and this 

10 re^on contains a domain v4iich encompasses a complete active site* 

Seven representadve chimiwic constructs are described in Example 1, 
below. Because Ty3 inserts within a few nucleotides of the transcription ini^ 
and RNA pol HI gene sequences are highly conserved and which are not regulated in a 
tissue-specific manner, predictable iand less variable expression levels can be achieved. 

15 NorthemandysisandPCRareamongtbe techniques that can be eriiployed to assess 
levels of expression of the gene(s) of interest* 

Despite the dnnlarity between th^ 
Ty3 integrates with position specificity which is not observed for any retrovirus, Ty3 
integrates specifically in the re^on of transcription initiation of genes transcribed by RNA 

20 polymerase m, e.g., 5S, U6, and tRNA genes. The tRNA class of polymerase III 
transcribed genes is distinguished by the boxA and internal promoter elements 
(Chalker, et al. (1990), Genetics, vol 126:837-850). These regions of the tRNA gene- 
coding sequence direct binding of transcription fector TFmC which subsequentiy directs 
bindmg of TFniB to tiie 5' flanking region of tiieti^ TEIIIB bound to tiie DNA 

25 template is suffident to direct RNA pol HI to initiate multiple rounds of transcription 
(Chalker, et al (1992), Genes Dev., vol 6: 1 17-128). No consensus DNA binding 
sequence for TFIDB has been observed and the re^on upstream of the gene does not 
contain conserved promoter elements. 

The i/i WvD specificity of Ty3 has been tested direcfly using a plasmid 

30 target assay (NatsouUs, et al, (1989), Genetics, vol 123:269-279) to showed tiiat tRNA, 
5S, and U6 genes are targets of Ty3 integration. Integration events occurred so that the 
gene-proximal member of the staggered nicks at the integration site were within one or 
two bp of the position of transcription initiation and unmediately downstream of the 
position of TFUDB. Ty3 integration into a target tRNA gene requires fimctional tRNA 

35 gene promoter elements^fNatsoulis, et al, (1989), Genetics, vol. 123:269-279) and it 
appears that transcription factors are bound upstream of the gene at the time of 
integration (Kinsey, et al. (1991), Nucleic Adds Res., vol 19:13 17-1324). 
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Because RNA pol HI promoter elements are internal, integration of 
recombinant DNA molecules according to the invention by a chimeric integrase having 
the position-spedficity of the Ty3 IN just upstream of the pol m initiation site will not 
disrupt tRhIA gene expression. Analysis of transcription of one tRNA gene alone and 
5 with a Ty3 in both orientations under conditions where the level of expression of the Ty3 
element or its LTR sequence were varied over 50 fold showed that the Ty3 had only a 
modest, positiveeffect onthelevel oftRNAgene expression (Engelmah, et al, (1993), 
EMBO vol 12:3269^3275). The tRNA genes of eiikaiyotic ceUiS in 
been examined are highly redundant^ tha^eby minhntring insertional effects 

10 Recently aii in vitro ass&y has been developed with which to study the 

components of the Ty3 integration reaction. This reaction is based on the in vitro 
retrovirus core integration assay (Brown, et aI/(1987X Cell, vol. 49:347-356). The Ty3 
YLP contain, in addition to other components, IN and fuU-l^gth Ty3 DNA, and can 
donate the Ty3 DNA to a plasmid target VLPs are isolated from cells overexpressang 

15 , Ty3 and mbced with plasmid to which RNA pol Ht transcription extract or purified &ctors 
(mC and mB) and polymerase m is added. The plasmid contains a modified SUP2 
tRNA gene with either a wild-type or mutant The 
components of th? integrarion reaction are mked together on ice in b^^^^ 
MgCl2 and then incubated at 300C for 30 min. The DNA is then extracted and 

20 quantitated by a fluorometric assay, Integraition of TyS DNA into the target plasmid 
containing the tRNA gene can be momtored by a PCR assay. Int^raribn of the Ty3 
DNA into the initiation re^on of the fRNA gene target resuUs in a product which can be 
amplified into a diagnostic fragment. 

Bepause of differences in codon usage between eukaty 

25 retroviruses and retrotramposons, those ^kiUed in the ^a^ 

construct using degenerate codons preferred by the particular integrase into which 
position-speci^ring domains are to be inserted. Information regarding codon usage in the 
host(s) susceptible to infection by a retrovirus (or in the cell line to be used for \arion or 
integrase expression) if unavailable in the literature, can be determined by examining 

30 codon usage m genes coding for highly expressed proteins. One or more preferred 

codons can then be introduced into the cliimeric integrase gene by standard techniques, 
such as site directed mutagenesis or solid state nucleic acid syntheds. 

A, Preparation OF Recombinaot Retroviral Ve(^ 
35 Producer Cells am) Recombinant Retroviruses 

As noted above, one embodiment of the present invention provides 

recombinant retroviruses which are constructed to deliver one or more selected nucleic 
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add molecules, or ''genes/ of int^est in a position-specific manner to the genome of a 
^ikaiyotic cell. Positipn-spedfic intpgration is mediated by the chimeric IN protem 
incorporated into the recombinant tetrowal particle. Briefly, numerous retroviral gene 
delivery vehicles may be utilized within the context of the present invention, including for 
5 example those described in EP 0,415,73 1; WO 90/07936; WO 94/03622; WO 93/25698; 
WO 93/25234; U.S. Patent No. 5,219,740; WO 9311230; WO 9310218; Vile and Hart, 
ameer Res. 55:3860-3864, 1993; VBe and Hart, Cancer Res, 55:962-967, 1993; Ram et 
al.. Cancer Res. 55:83-88, 1993; Takamiya et a!,, J. NeuroscL Res. 55:493-503, 1992; 
Baba et Bl,,XNeurosurg. 79:729-735, 1993 (U S, Patent No. 4,777,127, GB 2,200,651, 

10 EP 0,345,242 and WO 91/02805). Particularly preferred recombinant retroviujses 
include those described in WO 91/02805/ 

Retroviral gene delivery vehicles of the present invention may be readily 
constructed from a wide varied of retroviruses, including for example, B, C, and D type 
retrovinises as weU as spunmviruses and lentiviruses (see 1^ 

15 Edition, Cold Spring Hari)or Laboratory, 1985), Preferred retroviruses for the 

preparation or construction of retroviral gene delivery vehicles of the present invention 
include retroviruses selected from the group consisting of Avian Leukosis Virus, Bovine 
Leukemia \5nis. Murine Leukemia 

Sarcoma Virus, Reticuloendotheliosisvinis and Rous Sarcoma Particularly 
20 preferred Murine Leukemia Viruses include 4070A and 1504A (Hartley and Rowe, J. 
ViroL iP:19-25, 1976), Abelson (ATCC No. VR-999), Friend (ATCC No. VR.245), 
Graffi, Gross (ATCC No. VR-590), Kirsten, Harvey Sarcoma Virus and Rauscher 
(ATCC No, VR-998), and Moloney Murine Leukemia Vims (ATCC No. VR-190). Such 
retroviruses may be readily obtained from deporitoiies or collections such as the 
25 American Type Culture Collection (••ATCC^*; RockviUe, Maiyland), or isolated from 
known sources usmg commonly available techniques. 

Any of the above retroviruses may be readily utilized in order to assemble 
or construct retroviral gene delivery veWcles given the disclosure provided herem, and 
standard recombinant techniques (e.g., Sambrook et al, Molecuhr Cloning: A 
30 Laboratory Manual, 2d ed.. Cold Spring Harijor Laboratory Press, 1989; Kunkle, PNAS 
52:488, 1985), In addition, within certain embodhnents of the invention, portions of the 
retroviral gene delivery vehicles may be derived from dififerent retroviruses. For example, 
vnibin one embodhnent of the invention, retroviral vector LTRs may be derived from a 
Murine Sarcoma Vims, a tRNA binding site from a Rous Sarcoma Virus, a packaging 
35 signal from a Murine Leukemia Vbiis, and an ori^ of second strand synthesis from an 
Axdan-Leukosis Virus. 
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\Wthm preferred embodiments of 
retroviruses usefbl in the practice the invention may be made by introdudng a vector 
construct as discuss^ above, into a cell (termed a ••packaging cell**) which contains those 
elements necessary for production of infectious reconibinant retrovirus which mediate 
5 position-specific integr^ion of the recombinant retroviral geriome, but which are lacking 
in the vector cpnstnict fi*om which the recombinaitt retroviral genome is transcribed. A 
wide variety of retro\iral vector constructs my be^^^^u^ 

order to prepare recombinant retrovhuses. For example, withm one aspect of the present 
invention retroviral vector constructs are provided comprising a 5' LTR, a tRNA binding 
10 site, a packag^g signal, one or more heterologous sequences, an ori^ of second strand 
DNA synthesis and a 3* LTR, wherein the vector con^ 

sequences. Briefly, Long Terminal Repeats (•*LTEls") are subdivided into three elements, 
designated US, R and U3, These elements contain a variety of signals which are 
responsible for the biological activity of a retrovirus, including for e>cample, promoter and 

15 enhancer eflements which are located within U3 / LTRs majr be readify identified in the 

provirus due to their predse duplication at either end of the genome. As utilized herein, a 
5* LTR should be understood to include a 5- promoter elem^t and suffident LTR 
^uence to allow reverse transcription and mtegratidn of the DNA form of the vector. 
The 3 • LTR should be understood to include a polyadenylation signal, and suflHcient LTR 

20 sequence to allow reverse transcription and integration of the DNA form of the vector 

The tElNA bindmg irfte and origin of second strand DNA synthesis are also 
important for a retrovirus to be biologically active, and may be risadily Identified by one of 
stall in the art; For example, retroviral tRNA bmds to a tRNA binding site by Watson- 
Crick base pmring, and is carried with the retrowus genome into a viral particle. The 

25 fllNA is thenutilia^ asaprimer forDNAsynthes^^ The tRNA 

binding site may be readily identified based upon its location just downstremn fi^om the 5' 
LTR, Similariy, the origin of second strand DNA synthesis is, as its name implies, 
important for the second strand DNA synthesis of a retrovirus. This re^on, which is also 
referred to as the poly-purme tract, is located just upstream of the 3' Ll^ 

30 As position-specific integration is an essential aspect of the invention, it is 

critical that the retroviral vector construct include sequences which, when positioned in 
the reverse transcribed double stranded form of the retroviral genome to be integrated, 
are processed by intact chuneric IN protein. Following reverse transcription of the 
retroviral RNA genome, LTRs are present at eadi end of the Imear, double stranded DNA 

35 molecule. Several nucleotides, typically two, are removed fi*om the 3*-0H ends of the 
retroviral DNA by the chimeric IN. In a particularly preferred embodiment, the substrate 
DNA has a cjrtosine, adenosine (5*-CA-3*) dinucleotide two base pairs firom the 3' 



wo 96f37626 PCT/US96/06727 

terminus of each of the two complementary DNA strands. See Kulkoslty, et aL, smpra , 
However, resultant retroviral DMAs which contain a substitution of either or both 
nucleotides or where the dinucleotide is more recessed from one or both ends of the DNA 
can also be employed, although processing and joining (to the cleaved eukaiyotic 
5 genome) of the retroviral DNA wiD likely be less eflSdent. 

In addition to a 5* and 3%TR, tMSTA bindmg site, 
strand DNA qrnthesis, certain prefen^ed retro^^ 

herein also comprise a packaging signal, as well as one or more nucleic add molecules 
{e,g., heterologous sequences), each of which is discussed in more detail bdow. 

10 Within a preferred embodiment of the mvention, retroviral vector 

constructs are provided which lack both^a^>^a/ and e/rv coding sequences. As utilized 
herdn, the phrase "lacks gag/pol or env coding sequences^ should be imderstood to mean 
that the retroviral vector does not contain at least 20, preferably at least 15, more 
preferably at least 10, and most preferably at least 8 consecutive nucleotides iniiich are 

15 found m gag/pol ov em genes, and in particular, within £'a^>^/ or ew expression 

cassettes that are used to construct packaging cdl lines for the retroviral vector construct. 

Packa^g cell lines suitable for use with the above-described retroviral 
vector constructs may be readily prepared C$ee U.S. Serial No. 08/240,030, filed May 9, 
1994; see dso WO 92/05266), and utilized to create producer ceU l^^ 

20 vector cell lines or "VCLs") for the production of recombmant vector particles v^cfa 
mediate position-specific integration. Witlun particularly preferred embodiments of the 
present invention packaging cell lines are derived fi^om cell lines obtained fit)m the same 
spedes as wiU be treated with the resulting reconibinantrefr For instance, 

it has been discovered that recombinant retroviral particles made from human (e,^,, 

25 HT1080 cells) cell lines are cj^able of survi^ang inactivation in human serum. See 
U.S.S.N. 08/367,071, filed December 30, 1994. 

In a preferred embodiment of the invration, packaging cell lines that 
produce recombinant retroviral particles at titers greater than 10^ or 10^ cfu/ml Qn crude 
supernatant) may readily be obtained. In addition, it should be noted that such titers are 

30 generally obtained fi-om titer assays on HT1080 cells, which produce a three*fold lower 
titer than titers obtained on murine 3T3 cells. 

B. Recombinant Retroviruses WmcH Carry akd/or Express a DIesired 
Nucleic Acid Molecule 

35 A wide variety pfnucleic acid molecules niay be carried and/or expressed 

by the recombinant vector constructs of the present invention. Generally, the nucleic acid 

molecules which are described herein do not occur naturally in the gene delivery vehicle 
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that carries it, and provides some desirable benefit, typically an ability to fight or prevent a 
disease, or other pathogenic agent or condition. As used herein, "pafhoigeiuc agent** 
refers to a cell that is responsible for a disease state. Representative examples of 
pathogenic agents include mmor cells, autoreactive immune cells^ hormone secreting cells, 
5 cells which lack a &nction that they would normally have, cells that haVe inappropriate 
gene expression which does not normally occur in that cell type, and cells infected with 
bacteria, viruses, or other intracellular parasites. 

Examples of nucleic acid molecules which may b^^^ 
by the gene deliveiy vehicles of the present invention include genes and other nucleic add 

10 molecules which racode a substance, e*j^., a polypeptide, antisense KNA, sense KNA, or a 
ribozyme, as well as biologically active nucleic add molecules such as inactivating 
sequences that incorporate into a spedfied intracellular nucleic add molecule and 
inactivate that molecule. A nucldc add molecule is considered to be biologically active 
when the molecule itsdf provides the desired benefit without requiring the expression of a 

15 substance; For ^cample^ the bioloj^cally active nucldc add molecule may be an 

inactivating sequence that incorporates into a spedfied intracellular nucleic add molecule 
and inacti\^s that molecule, or the molecule may be a tRNA, rRNA or mKNA that has a 
configuration that pro\ddes ^ 

Substances which may be encoded by the nucleic add molecules described 

20 herein include proteins (e.^,, antibodies, including single chain mblecules), 

immunostimulatoiy molecules (such as antigens, inmiunosuppre^sive molecules, blocking 
agents, palliatives (sudi as toxins, antisense ribonucleic adds, ribozymes, enzymes, and 
other material capable of inhibiting a function of a pathogenic agent) Qrtokines, various 
polypeptides or peptide hormones, then* agonists 6t antagonists, where these hormones 

25 can be derived fi*om tissues such as the pituitary, hypothalamus, kidney, endothelial cells, 
liver, pancreas, bone, hematopoietic marrow, and adrenal. Such pobl>eptides can be used 
for induction of growth, regression of tissue, suppression of immune responses, apoptosis, 
gene expression, blocldng receptor-Ugand interaction, immune responses and can be 
treatment for certmn anemias, diabetes, infections, high blood pressure, abnormal blood 

30 chemistry or chemistries (e,g;, elevated blood cholesterol, defidency of blood clotting 
factors, elevated LDL with lowered HDL), levels of Alzhdmer assodated amaloid 
protein, bone erosion/caldum deposition, and controlling levels of various metabolites 
such as steroid hormones, purines, and pyrimidines. 

For palHatives, when "capable of inhibiting a function** is utilized within th^ 

35 context of the present invention, it should be understood that the palliative either du*ectly 
inhibits the function or indirectly does so, for example, by convertmg an agwt present in 
the cells from one which would not normally inhibit a function of the pathogenic agent to 
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one which does. E^camples of such funcdons for viral diseases m^^ 
repKcation, gene expression, assembly, and exit of the virus from infected cells, Scamples 
of such fiinctions for cancerous diseases include cell replication, susceptibility to external 
dgnals {e.g.^ contact inhibition), and lade of production of anl3-oncogene proteins, 
5 Examples of suqh functions for cardiovascular disease include inappropriate growth or 
accumidation of material in blood vessels, high blood pressure, undesirable blood levels 
of Actors such as cholest^ol or low d^ty lipoprotein that precUspose to disease, 
localized hypoxia, and inappropriately high and tissue-dama^g levels of free radicals. 
Examples of such fiinctions for neurological conditions include pain, lack of dopamine 

10 production, inabilittr to replace damaged cells, defidendes m motor control of physical 
acti>ity, inappropriately low levels of various peptide hormones derived from neurological 
tissue such as the pituitary or hypothalamus, accumulation of Alzheimer's Disease 
associated amyeloid plaque protein, and inability to regenerate damaged nerve junctions, 
^camples of such functions for autoimmune or inflammatory disease include inappropriate 

15 production of cytokines and tymphokines, inappropriate production and existence of 

autoimmune antibodies and cdlular immune responses, inappropriate disruption of tissues 
by proteases and collagenases, lack of production of &ctors noimally suppfied by 
destroyed cells, and excessive or aberrant regrov^ of tissues under autoimmune attack. 
Within one aspect of the present invention, methods are provided for 

20 administration of a gene delivery vehicle^ the nucleic add of %^ch encodes and directs 
the expres£ion of at least one palliative. Within various embodim^ts, the palliative may 
be a DNA molecule, a KNA molecules, some combination of the two, or a protein. 

Representative examples of palfiatives that act direcdy to inlubit the 
growtii of pells include toxins such as ridn (Lamb et al., Eur. J. Biochenu 148:265-210, 

25 1985), abrin (Wood et al., Eur. J. Biochem 198:723-732, 1991; Evensen et al., X of Biol 
Chenu 2tfft6848-6852, 1991; CoUms et al., J. of Biol Chenu 265:S66S-S669, 1990; Chen 
et al.. Fed of Eur, Biochem Soa 50P:1 15-1 18, 1992), diphtheria toxin (Tweten et al., J. 
Biol Chenu 260: 1 0392-10394, 1985), cholera toxin (Mekalanos et al.. Nature 306:55 1- 
557, 1983; Sanchez & Hohngren, «tf:481-485, 1989), gelonin (Stirpe et al., J. Biol 

30 Chem. 255:6947-6953, 1980), pokeweed (Irvin, Pharmac. 7%en 27:371-387, 1983), 
antiviral protein (Barbieri et al., Biochem. J. 203:55-59, 1982; Irvin et al.. Arch 
Biochem. &Biophys. 200:41S A25,19Z0;lxwin, Arch Bi^^ 

528, 1975), tritin, SWgeUa toxin (Calderwood et al., PNAS 84:4364^36Z, 1987; Jackson 
et al., MicroK Path 2: 147-153, 1987), and Pseudotnonas exotoxin A (Carroll and 
35 Collier,/. Biol Chenu 252:8707-8711, 1987). A detaUed description of recombinant 
retrovirases which express RussePs Viper Venom is provided in U.S. Serial No. 08/368, 
574, ffled December 30, 1994, 
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Within other embodiments of the inventioii, t^^ 
carries a. gene specifying a product which is not m itself toxic, but when processed or 
modified by a protein, such as a protease spedfic to a viral or other pathogen, is 
converted mto a toxic fomu For example, the recombinant retrovirus could carry a g^e 
5 encoding a proprotein chmn, which becomes toxic upon processing by the HIV protease. 
More specifically, a synthetic inactive proprotem form of the toxic ricdn or diphtheria A 
chains could be cleaved to the active form by arranging for th6 HIV viraAy encoded 
protease to recognize and cleave off an appropriate "pro" element. 

Within yet another embodiment of the invention, the vector construct 

10 carried by the gene delivery vehicle directs the ex:pression of a substance capable of 

activating an otherwise inactive precursor into an active inhibitor of a pathogenic agent, 
or a coiiditional tojdc palliative, which are palliatives that are toxic for the cell expressing 
the pathogenic condition. As should be evident given the disclosure provided herein, a 
wide variety of inactive precursors may be converted into active inhibitors of a pathogenic 

15 agent. For example, antiviral nucleo^de analogues such as AZT or ddl are metabolized 
by cellular mechanisms to the nucleotide triphosphate form in order to specifically inhibit 
retroviral reverse transcriptase, and thus viral replication (Furmam et al., Proc. Natl 
Acad Set USA *5:8333-8337, 1986). Recombinant retroviruses which direct the 
expression of a gene product ie.g.i a protein) such as Herpes Simplex Virus Thymidine 

20 Kanase (HS VTK) or Varicella Zoster Vira 

metaboliidng antiviral nucleoside analogues to their active form are therefore useful in 
activating nucleoside analogue precursors (e.g.^ ACT or ddC) into thdr active form. AZT 
or ddl therapy vwll thereby be more effective, aUovsdng lower doses, less generalized 
toxicity, and Mgher potency against productive infection. Additional nucleoside 

25 analogues whose nucleotide triphosphate forms show selectivity for retroviral reverse 
transcriptase but, as a result of the substrate specifidty of cellular nucleoside and 
nucleotide kinases are not phosphoiylated, will be made more efficacious. 

Within one embodiment of the invention, the HSVTK gene may be 
expressed imder th6 control of a constitutive macrophage or T-cell-spedfic promoter, and 

30 introduced into macrophage or T-celis. Constitutive expression of HS VTIC results in 
more effective metabolism of nucleotide analogues such as AZT or ddl to their 
biologically active nucleotide triphosphate form, and thereby provides greater eflBcacy, 
delivery of lower doses, less generalized toxicity, and higher potency against productive 
infection. Additional nucleoside analogues whose nucleotide triphosphate forms show 

35 selectivity for retroviral reverse transcriptase but, as a result of the substrate specifidty of 
cellulm- nucleoside and nucleotide kinases are not phosphorylat^, may also be utilized 
within the context of the present invention. 
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Within a rdated aspect of the present invention, vec^^ 
provided \^ch direct the lexpression of a substance that 

little or no qrtotoxicity into a toxic product in the presence of a pathogenic agent, thereby 
eflfecting localized therapy to the pathogenic agent. In this case, expression of the gene 
5 product from the recombinant retrovirus is limited to situations wherein an entity 
associated with the pathogenic agent, such as an intracellular signal identifying the 
pathogeiucstate, is present, thereby avoiding destruction of nonpatho^ This 
cell-tjrpe spedfidty may dso be conferred at the level of infection, hy targeting the 
recombinant gene DNA vehicle carrying the vector constmct to cells having or being 

10 susceptible to the pathogenic condition. 

In a related embodiment, vector constructs are provided which direct the 
expres^on of a gene producf(s) that activates a compound with Utde or n^^^ 
into a toxic product. Briefly, a wide variety of gene products which either directly or 
indkectly activate a compound with littie or no cytoto>dchy into a toxic product may be 

15 utilized within the context of the present inventioa Representative examples of such gene 
products include HS VTK and VZVTK v^ch selectively monophosphoiylate certain 
purine arabinosides and substituted pyrimidine compounds, converting them to cytotoxic 
or cytostatic metabolites. More spedfically, exposure of the drugs gangicylovir, 
aqrdovir, or any of their analogues (e.g., FIAC, DHPG) to HSVTK, phosphorydates the 

20 dmg into its conresponding active nucleotide triphosphate fonn/ For example, 

construct may direct the ^ression of a HSVTK gene under the transcriptional control of 
an HIV promoter known to be transcriptionaUy :tilrat exce^ 

protein. Briefly, expres^on of the tat gene product in human cells infected with HIV and 
carrying the vector construct would lead to production of HSVTK. The cells (either 

25 in vitro or in vivo) are then eKposed to a drug such as gandclovir, acyclovir or its 

analogues (FIAC, DHPG). As noted above, these drugs are known to be phosphorylated 
by HSVTK (but not by cellular thymidine kinase) to their corresponding active nucleotide 
triphosphate forms. Acyclovir triphosphates inhibit cellular polymerases in general, 
leading to the spedfic destruction of cells expressing HSVTK in transgenic mice (see 

30 Borrelli et aL, Proc. NcaL Acad Sci. USA 85 J511, 1988). Those cells containing the 

vector construct and expressing HIV tat protein are selectively lolled in the presence of an 
appropriate dose of these drugs* 

Within another embodiment of the invention, expression f a conditionally 
lethal HSVTK gene may be made even more MV-spedfic by includmg cw-acting 

35 elOTients in the mRNA transcribed from the vector constmct ("CRS/CAR**) vAjlch require 
an additional HFV gene product, e*^;, rev, for optimal activity (Rosen et al., Proc. Nati 
Acad Sci. USA 83:2071^ 1988), More generally, cis elements present in mRNAs have 
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been shown in some cases to regulate mRNA Stability or translatability. Sequences of this 
type (Le.^ for post-transcriptional regulation of gene expression) may be used for event- 
or tissue-specific regulation of vector gene expres^on. In addition, multimeiization of 
these sequences (/.e., rev-responsive "CRS/CAR" or tat-responsive **TAR** elements for 
3 HIV) nmy be utilized in order to genemte even greater spec^ 

In a manner sinular to the preceding embodiment, gene delivery vehicles 
may be generated which cany a gene for phosphorylation, phosphoribosylation, 
ribosylation, or other metabolism of a purine- or pyrimidine-based drug. Such genes naay 
have no equivalent in mammalian cells, and might come from organisms such as a virus, 

10 bacterium, fungus, or protozoan. Representative examples include: ce?// guanine 
phosphoriboi^l transferase Cgpt**) gene product, which converts thioxanthine into 
thio?auithine monophosphate (see Besnard et zl., MoL Cell Biol 7:4139-4141, 1987); 
alkaline phosphatase, which will convert inactive phosphorylated compounds such as 
mitomycin phosphate and doxorubicin^phosphate to tOTdc dephosphorylated compounds; 

15 fungal (e.g.^ Fusarium oxysporum) or bacterial cytosme deamiiiase which will convot 5- 
fluorocgrtosine to the t05dc compound S-fluorouracil (Mullen, PNAS 89:33, 1992); 
carboxypqptidase G2 which vrfU cleave the glutanuc add from para-N-bis (2-chIoroethyl) 
aminobenzoyl glutanuc add, thereby creatmg a to?dc benzoic add mustard; and PenicilUn- 
V amidase, which wili convert phenoxyacetabide derivatives of doxorubicin and 

20 melphalan to toxic compounds. Conditionally lethal gene products of this type have 

application to n^any presently known purine- or pyrinudine-based anticancer drugs, ^^ch 
oflen require intracellular ribosylation or phosphorylation in order to become effective 
cytotoxic agents. The conditioiiaUy lethal gene product could also metabolize a nontoxic 
drug, which is not a purine or pyrimidine analogue, to a cytotoxic form (see Searle et al,, 

25 Brit J. Cancer 53;3n'3B4, 1986). 

Additiorudly, when the target pathogen is a mammalian virus, vector 
constructs may be constructed to take advantage of the &ct that manmialian viruses in 
general tend to have "immediate early" genes, which are necessary for subsequent 
transcriptional activation of other viral promoter elements. Gene products of this nature 

30 are excellent candidates for intracellular signals (or "identifying agents") of viral infection. 
Thus, conditionally lethal genes transcribed from transcriptional promoter elements that 
are responsive to such viral **immediate early" gene products could spedfically Idll cells 
infected with any particular virus. Additionally, since the human a and b interferon 
promoter elem^ts are transeriptioriaUy activated in response to ktfection by a 

35 variety of nonrelated viruses^ the introduction of vectors expressing a conditionally lethal 
gene product like HSVTK, for example, from these viral-responsive elements (VREs) 
could result m the destruction of ceUs mfected with a variety of different 
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Li another embodiment of the invention, vector constructs for 
incorporation into a gene deliv^ vehicle are provided that produce substances such as 
inhibitor palliatives, that inhibit viral assembly. In this cont^ the recombbant DNA 
molecule codes for defective gag^ pol^ em or other \iral particle proteins or peptides 
5 which inhibit in a dominant fashion the assembly of viral particles. Such inhibition occurs 
because the interaction of normal subunits of the viral particle is disturbed by interaction 
with the defective subunits. 

One way of increasing the effectiveness of inhibitory palliatives is to 
express inhibitory genes, such as viral inhibitory genes, in conjunction with the expression 

10 of genes which increase the probability of infection of the resistant cell by the virus in 
question. The result is a nonproductive Mead-^d** event which would compete for 
productive infection events. In the specific case of HIV, a vector construct may be 
administered that inhibits HIV rq)lication (by expres^g anti^smse fti/, e^., as described 
above) and also overexpress proteitis required for irifection, sudi as In this way, a 

15 relatively small number of vector-^infected HTVHresistant cells act as a ••rfnk*' or •'magnet'* 
for multiple nonproductive fiision events with fi-ee virus or viralty infected cells. 

In another embodiinent of the invention, vector constructs are pro\dded for 
the expres^on substances such as inhibiting peptides or proteins specific for viral 
protease. Viral protease cleaves the viral gag and gag/pol proteins into a number of 

20 smaller peptides. Failure of this cleavage in all cases leads to complete inhibition of 

production of infectious retroviral partides. The HIV protease is known to be an aspartyl 
protease^ and these are known to be iniubited by peptides made fi-om amm 
protein or analogues. Vector constructs that inlubit HIV A/yoU e3q>ress one o 
fijsed copies of such peptide inhibitors. 

25 Adtmnistration of the vector constructs discussed above in an appropriate 

gene delivery vehicle ^ould be effective against many wally linked diseases, cancers, or 
other pathogenic agents. 

Wittun still other embodiments of the invention, vector coristructs are 
provided that code for the expression of a palliative, wherein the palliative has a 

30 membrane anchor and acts as an anti-tumor agent(s). Such a palliative may be 

constructed, for example, as an anti-tumor agent - membrane anchor fii^on protein. 
Briefly, the membrane anchor aspect of the fiision protein may be selected firom a variety 
of sequences, including, for example, the transmembrane domain of well known 
molecules. Generally, membrane anchor sequences are regions of a protein that bind the 

35 protein to a membrane. Xustomarily, there are two^es of andhor sequences that attach 
a protein to the out^ sur&ce of a cell membrane: (1) transmembrane regions that span 
the fipid bilayer of the cell membrane, and interact with the hydrophobic center region 
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(proteins containing such regions are referred to integral membrane proteins^ and 
(2) domains which interact with an integral membrane protein or with the polar surface of 
the membrane (such proteins are referred to as peripheral, or extrinsic, proteins). 
However, a protein can also be covalently anchored directly to a lipid component of the 
5 cell membrane. 

Nlembrane anchors for use within the present invention may contain 
traiismembrane domains which span the membrane one or more times. For ^cample, in 
glycophorin and guumyl>4 cyclase, ihc membrane binding re^on spans the membrane once, 
whereas the transmembrmie domain of rhodopsin spans the membrane seven times, and 

10 that of the photosynthetic reaction center of Rhodopseudomonas viridis spans the 
membrane deyen times (see Ross et al., J. BioL Chem, 257:4152, 1982; Garbers, 
Pharmac. Then 50:337-345, 1991; Engehnah et zi., Proc. Natl Acad. Sci USA 77:2023, 
1980; Heijne and Manoil, Prot Eng. -/:109-112, 1990). Regardless of the number of 
times the protein crosses the membrane, the membrane s 

15 similar stiiicture. More specifically, the 20 to 25 amino-add residue portion of the 
domain that is located inside the membrane genendly consists almost entirely of 
hydrophobic residues {see Eisenberg Qst zl.y AmL Rev. Biochem. JJ:595-623, 1984). For 
example, 28 of the 34 residues in the membrane spanning region of glycdphoxin are 
hydrophobic (jee Ross et al;, isujt7ra; Toimta^^ In 

20 addition, although structures such as beta sheets and ban-els do occur, the memb^ 
spanning regions typically have an alpha helical structure, as determined by X-ray 
dififraction, crystallo^phy and cross^linking studies (see Eisenberg et dl^^stipra; Heijne 
and Manoil, supra). The location of these transmembrane helices within a ^ven sequence 
can often be predicted based on hydrophobicity plots. Stryer et al.. Biochemistry^ 3rd. ed. 

25 304, 1988. Particularly preferred membrane anchors for use mthin the present invention 
include naturally occurring cellular proteins (that are non*inununogenic) which have been 
demonstrated to function as membrane signal anchors (such as glycophorin). 

\Wthin a preferred embodiment of the present invention, a vector construct 
is provided wluch encodes a membrane anchor - gamma interferon fiision protein. Within 

30 one embodiment, tius fusion protein may be constructed by genetically fiismg the 

sequence which encodes the membrane anchor of the gamma^chain of the Fc receptor, to 
a sequence which encodes ganima-interferon. 

In yet another embodiment, vector constructs are provided which have a 
therapeutic effect by encoding one or more ribo2ymes (RNA enzymes) (Haseloff and 

35 Cxerlach, Nature 334:5ZS, 1989) which will cleave, and hence uiactivate, RNA molecules 
correspondmg to a pathogenic fimaion. Since ribozymes function by recognizmg a 
specific sequence in the target RNA and this sequence is normally 12 to 17 bp, tWs allows 
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3pedfic recognition of a particular RNA s^uence corresponding to a pathogenic state, 
such as HIV tat» and toxicity is spedfic to such pathogenic istate* AddHional spedficity 
may be achieved in some cases by making this a conditional toxic palliative, as discussed 
above, 

5 In still another embodiment, vector constructs are provided comprising a 

biologically active nucleic add molecule that is an antisense sequence (an antisense 
sequence may also be encoded by a nucldc add sequence and then produced within a host 
cell via transcription). In preferred embodiments, the antisense sequence is selected from 
tiie group consisting of sequences which encbde inlBuenza virus, HTV, HSV, HPV, CMV, 

10 and HBV. The antisense sequence nfuy also be an andseme RNA complemen 

KNA sequCTces necessaiy for pathogenidty. Alternatively, the biolo^cally active nucleic ) 
add molecule may be a sense RNA (orDNA) complementary to RNA sequences 
necessaiy for pathogenidty. 

More particulariy, the biolo^cally active nucleic add molecule may be an 

15 antisense sequence. Briefly, antisense sequences are deigned to bind to RNA transcripts, 
and thereby prevent cellular sjfnthesis of a particular protein, or prevent iise of that RNA 
sequence by the cell Representative examples of such sequences include antisense 
^ymidine Idnase, antisense dihydrofolate reductase (Maher and Dolnick, Arch. Biochem. 
& Biophys. 255:214-220, 1987; Bzik et 2l.,PNAS W:8360-8364, 1987), antisense HER2 

20 (CoussOTs et aI,,iS(rfwce 250:1132-1139, 1985), antisense ABL (Fainstein et al,. 

Oncogene -/:1477-1481, 1989^ antisense Myc (Stanton et al , Nature 5/0:423-425, 1984) 
and antisrase ros; as well as antisense sequences i^ch block any of the enzymes in the 
nucleotide biosynthetic pathway. 

In addition, within a fiirther embodiment of the mventi ^ 

25 may be utilized as an anti-tumor agent in order to induce a potent Class I restricted 
response. Briefly, in addition to binding RNA and thereby preventing translation of a 
spedfic mRNA, high levds of spedfic antisense sequences are believed to induce the 
increased e)q>ression of interferons Onduding ganmia*interferon), due to the formation of 
large quantities of doublei-stranded RNA The increased expres^on of gamma interferon, 

30 in tum, boosts the expression of MHC Class I antigens. Preferred antisense sequences for 
useintiiisregardindudeactinRNA, myosin RNA, and histone RNA Antisense RNA 
which forms a mismatch with actin RNA is particularly preferred. 

In another embodiment, the substance of the invention include a surface 
protein that is itself therapeutically benefidal. For example, in the particular case of HIV, 

35 expression of the human CD4 protein specifically in HIV-infected cells may be benefidal 
in two ways: 
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1. Binding of CD4 to HIV envintracdluIarly TO^^ 
formation of viable viral particles much as soluble CD4 has been diown to 
do for free virus, but without the problem of systematic clearance and 
possible immunogenidty^ since the protein will remain membrane bound and 

5 is strueturaMyidenticd to endogenous GD4 (to wW^ 

immunologically tolerant)* 

2. Since tiiie CaM/HTV env complex has been im^^ 

cause of cell death, additional e)q>ression of CD4 (In the prfesence of excess 
HTV-env present in HIV-infected ceUs) leads to more rapid cell deatih and 
10 thus mhibits viral dissemination. This may be particularly applicable to 

monocytes and macrophages, which act as a resfervoir for virus production 
as a result of their relative xefractility to HTV-induced cytotoxidty (which, in 
turn, is apparently due to the relative lack of GD4 on their cell surfaces). 
StiU further embodiments of the present invention relate to vect^ 
15 constructis capable of immunostimulation. Briefly, the ability to recogniziS mid defend 

against foreign pathogens is essential to the functidn of the immune systemv In particular, 
the immime system must be citable of distlnguislung "selT from "nonselT (te., foreign), 
so that the defence mechanisms of the host are du^eeted toward invading entities instead 
of against host tissues. Cytolytic T lymphocytes (GTLs) are typically induced, or 
20 stimulated, by the display of a cell surface recognition structure, such ^ a processed, 
pathogen-specific peptide, in conjunction with a MHC class I or class II cell surface 
protdn. 

Diseases suitable to treatment by immunostimulation indude viral 
infections such as influenza virus, respiratory syncytial wus, HPV, KB V, HCV, EB V, 
25 mv, HSV, FeLV, HV, Hantavirus, HTLV I, HTLV H and CMV, cancers such as 

melanomas, renal cardnoma, breast cancer, ovarian cancer and other cancers, and heart 
disease. 

In one example of this embodiment, the invention provides methods for 
stimulating a specific immune response and inhibiting viral spread by using vector 

30 constructs that direct the expression of an antigen or modified form thereof in susceptible 
target cells, wherein the antigen is capable of either (1) initiating an immune response to 
tiie Viral antigen or (2) preventing the viral spread by occup>dng ceUd^ 
required for wal interactions. Expression of the protein may be transient or stable with 
time. Where an immune response is to be stimulated to a pathogenic antigen, the vector 

35 construct is preferably designed to express a modified fonn of the jintigen which will 

stimulate an immune response and which has reduced pathogenicity relative to the native 
antig^. This immune re^onse is achieved when ceUs present antigens in the correct 
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inanner, ie.^ in the context of the MHC class I and/or II molecules along with accessory 
molecules such as CD3^ ICAM-1,ICAM*2, LFA-1, or analogs thereof (^*^.,Altmamiet 
bL, Nature 338:512, 19S9). 

An immune response can also be achieved by transferring to an appropriate 
5 immune cell (such as a T lymphocyte) (a) the gene for the specific T-cell receptor that 
recognizes the antigen of interest (in the conte?ct of an appropriate MHC molecule if 
necessaiyX (b) the gene for an immunoglobulin which recognizes the antigen of interest, 
or (c) the gene for a hybrid of the two which pro\ides a CTL response in the absence of 
the MHC contCTU. Thus, vector constructs may also be used u 

10 immunomodulatory or vacdne, e/cr, 

In the particular case of disease caused by HWii^^ ) 
immunostimulatipn is desired, the antigen generated from a vector construct may be in a 
form \^4uch will elicit either or both an HLA class I- or class II*restricted immune 
response. In the case of HIV envelope antigen* for example, the antigen is preferably 

15 sdected from gp 1 60, gp 120, and gp 4 1, which have been modified to reduce thdr 

pathpgemdty. In particular, the selected axirigen is modified to reduce th6 possibility of 
syncytia^ to avoid expressipiQi of q)itopes leading to a disease ^ancmg inmi^ 
to remove immunodominant, but haplotype*spec^c qpitopes or to present several 
h^lot/pe-spedfic epitopes* and allow a response capable of eliminating cells infected 

20 with most or all strains of HIV, The haplotype-specific epitopes can be fiuther sdected to 
promote the stimulation of an mimune response within an animal which is cross-reacdve 
against other strains of HTV. Antigens from other HIV genes or combinations of genes, 
such asg^g;po/, rev, vif^nef^prot^ gcig^ol^ £^gprot, e/c, may also provide protection in 
particular cases. ^ 

25 HTV is onty one e3cample. This approach should be effective against many 

virally associated diseases or cancers where a characteristic antigen (which does not need 
to be a membrane protein) is expressed, such as in HP V and cervical cardnoma, HTLV*I* 
induced leukemias, prostate-specific antigen CPSA) and prostate cancer, mutated pS3 and 
colon carcinoma and melanoma, melanoma spedfic antigens (MA.GEs)» and melanoma, 

30 mucin and breast cancer. 

In accordance with the immunostimulation aspects of the invention^ 
substances which are carried and/or expressed by the vector constructs of the present 
invention may also include "immunomodulatory frictors,** many of which are set forth 
above. Immunomodulatory (Mors refer to fectors that, when manufactured by one or 

35 more of the cells involved in an immune response, or, which when added exogenously to 
the cells, causes the immune response to be different in quality or potency from that which 
would have occurred m the absence of the factor. The factor may also be expressed from 
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a gene delivery vehicle derived gene, but the expression is driven or controlled by the 
recombinant retrovirus. Thequality or potency of a response may be measured by a 
variety of assays known to one of skill in the art inchiding, for example, i>i W/ro assays 
wM(^ measure ceUular proliferation (e«^., 
5 assays (eyg*, whicdi measure 5 ICr release) (5se^, Warner et Bl^^AIDSRes. and Human 
Retroviruses 7:645-655> 1991), Immunomodulatory fectors may be active both m vivo 
andexvm>. 

Representative examples of such Actors include cytokines, such as 11^2 (Karupiah 
ti^., J.I^^ 1990; Weber etal„XJE^A4fe^£ /tf5:1716.1733, 

10 1987; Gansbacher et al„ J. Med 772:1217*1224, 1990; US, Patent No, 4,738,927), 
11^3, n>J (Tepper et al., Ce// 57:503-5 12, 1989; Golumbek et al.^ Sdierice 25-^:713-716, 
1991; U.S. Patent No. 5,017,691), IL-5, IL-6 (Brakenhof et al., J. Immunol /5P:41 16- 
4121, 1987; WO 90/06370X IL-7 (U S. Patent No. 4,965,195) , IL-9, IL-10, DUll, 
IL-12, JL^13 (Cytokine Bulletin, Smtmer 1994), IL-14 and lL-15, particularly IL-2, IL-4, 

15 IL-12, and IL-13, alpha interferon (Pinter et al., Drugs -^2(5):749-765, 1991; U.S. 

Patent No. 4,892,743; US. Patent No. 4,966,843; WO 85/^^ 
284:3 16-320, 1980; FamiHetti et al., Aiei^^ 

NaiL Ae^^l ScL USA 86:204^^^ Oncogene 5'M%Z72, 1990), 

beta int^ron (Sdf etal.>j: fTwi 65:664-671, 199^1^^ 

20 ^^[..TheAmerican^S^ 1991; Watanabe et aLjPAMiS 

«(S:9456-9460, 1989; Gansbacher et al., Qwcer/JejeorcA 50:7820-7825, 1990; Maio 
et al., Cfm. Immmol Immunothen 50:34-42, 1989; U.S. Patent No. 4,762,791; U.S. 
Patent No. 4,727,138), G-CSF (U.S. Patent Nos. 4,999,291 and 4^ 
(WO 85/04188), tumor necroas fectors (TOTs)(Jayarai^ 

25 J44:9A2-9S\, 1990), CD3 (Krissanen et al., Immunogenetics 2^:258-266, 1987), ICAM-1 
(AltmanetaI,,^53tfure55«:512-514, 1989; Simmons etal.,JViarft/« 557:624-627, 1988), 
XCAM^2, LFA-1, LFA-3 (Wallner et al., Jl Eb^. Me<L 766(4):923.932, 1987), MHC class 
I molecules, MHC class n molecules, B7. 1-.3, b2-microgIobuUn (Pames et al., PNAS 
7*:2253-2257, 198 1), chaperones such as calnexin, MHG linked transporter proteins or 

30 analogs thereof (Pows et al.. Nature 354:522^-53 1, 1991). \^^thin one preferred 

embodiment, the gene encodes gamma-interferon. Immunomodulatory fectors may also 
be agonists, antagonists, or Ugands for these molecules. For example soluble forms of 
receptors can often behave as antagonists for these ^es of fectors, as can mutated forms 
of the fectors themselves. 

35 An example of an immunomodulatoty fector dted above is a member of 

AeB7 femily of molecules (e.g., B7J-.3 cosdmulatory factor). Briefly, activation of the 
foil fonctional actiWly of T ceUs requires two signals. One signal is provided by 
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interaction of the antigens-specific T cell receptor with peptides which are bound to major 
histocompatibility complex (MHC) molecules, and the second signal, referred to as 
costinmlation, is deUvered to the Tcefl by antigen presentin^^ The second signal is 
required for interleuldn-2 (IL-2) production by T cdls, and appears to involve interaction 
5 of the B7. 1-3 molecule on antigen-presenting cells with CD28 and CrLA-4 receptors on 
T lymphocytes (Linsley et al,, J. Exp. Med., 775:721-730, 1991a and X Exp. Med, 
77^:561-570, 1991), Withm one embodiment of the invention, B7.1- -3 may be 
introduced into tumor cells in order to cause costimulation of CSDS'^ T cells, such that the 
Ca>8*^ cells produce enough IL-2 to expand a^^ 

10 T cells can kill tumor cells that are not ex:pres^g B7 because costimulation is no longer 
required for fiirther CTTL function. Vectors tlurf express both the costimul«rtofyB7J-.3 
factor, and, for example, an immunogenic HBV core protein, may be made utilizing 
methods \^ch are described herein. GeUs transduced v^th these vectors vviQ become 
more efiFective antigen presenting cells* The HB V core-spedfic CTL response will be 

15 augmented from the fiiUy activated CD8+ T cell via the cpstimulatoiy ligand B7.1-,3, 

The choice of n^ch tmmunomodulatoxy &ctor to use inay be based upon 
known therapeutic effects of the^ fi^ 

known therapottic effector in chronic hepatitis B inf^ons is al^ This has 

been found to be c^cacious in compensating a patient's immunoio^cal defidt, and 

20 thereby assisting recovery from the disease. Alternatively, a suitable immunomodulatixy 
factor may be experimental^ determined, Brie^, blood samples are first taken from 
patients with a hepatic disease* Peripheral blood lymphocytes (PBLs) are restimulated 
in vitro with autologous or HLA matched cells (e.g., EBV transformed cdls) that have 
been transduced vnth a recombinant retrowus v^ch directs the expression of an 

25 immimogenic portion of a hepatitis antigen and the immunomodulatory faicstor. These 
stimulated PBLs are then used as effectors in a CTL assay witfi the HLA matched 
transduced cells as targets. An increase in GTL response over that seen in the same assay 
performed usmg HLA matched stimulator and target cells transduced with a vector 
encoding the antigen alone, incficates a use&l mmiunomodulatoty factor Within one 

30 embodiment of the invention, the inununomodulatory factor gamma interferon is 
particularly preferred. 

The present invention also mcludes vector constructs \^ch encode 
immunogenic portions of desired antigens inclu(^g, for example^ \dral, bacterial or 
parasite antigens. For example, various immunogenic portions of the HBV S antigens 

35 may be combmed in order to present an immune response when administered by one of 
the recombinant retroviruses described herdn. In addition, due to the large 
immunolo^cal variability that is found in different geographic regions for the S antigen 
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opcMi reading frame of HB V, pardcuiar combinations of antigens may be preferred for 
administration in particular geograptiic re^ons. Briefly, epitopes that are found in all 
humm hepatitis B vims S samples are defined as detem^^ Mutually exclusive 
sub^e determinants however have also been identified by two-dimensional double 
5 immunodifiiision (Ouchterlony, Progr, Allergy 5: 1, 1958). These determinants have been 
designated Wor^ and V or V (LeBouvier, ^ /w/fect 725:671, 1971; Bancroft et al„ 
MlmmunoL 70i^:842, 1972; Courouce et H , BibL Haematol -/irl-lSS, 1976). The 
immunolog^qal variabiliQr is due to single nucleotide substitutions in two areas of the 
hepatitis B virus S antigen open reading frame resulting in the following amino acid 

10 changes: (1) exchange of lysine-122 to argirune ui the hepathis B virus S antigen open 
reading frame causes a subtype shift from d io and (2) exchange of iar^iune-160 to 
lysine causes the iWft from subtype r to v. In black Africa, subtype ^r^H^ is predominant, 
whereas in the U,S. and northern :&u^ope the subtype adSa^'i is more abimdaiit Q^olecular 
Biology of Oic Hepatitis B Virus, McLacMan (ed,), GRC Press, 1991). As wiU be evident 

15 J to one of ordinary skifl in the art, it is generally prefen-ed to construct a v^ 

4. admimstration wluch is appropriate to the particular hepatitis B wus subtype \ivAich is 
prevalent in the geographical re^^on of administration. Subtypes of a particular region 
may be determined by two-dimensional double immunodifrusion or^ preferably, by 
^ sequendng the S antigen open reading franne of HBV virus isolated from individuals 

20 i^othin that r^on. 

Also presented by HBV are pol C*HBV por), ORF 5, and ORF 6 antigens. 
Brie%, the polymerase open reading frame of HBV encodes reverse trahsoiptase activity 
found in virions and core-like particles in infected liver tissue. The polymerase protein 
consists of at least two domains: the amino tmxmud domain encodes the protein that 

25 primes reverse transcription, and the carboxyl terminal domain which encodes reverse 
transcriptase and RNase H acti\dty- Immunogenic portions of HBV pol may be 
admmistered to a warm-blooded animal by mtrodudng into the animal a recombinant 
retrovirus which represses the antigen of interest in order to generate an immune 
response vyithin the animal. Similarly, other HBV antigens such as ORF 5 and ORF 6, 

30 (Miller et ^.^Hepatology P:322*327, 1989), may be expressed utili25ng vector constructs 
as described herein. 

As noted above, at least one immunogenic portion of a hepatitis B antigen 
can be incorporated into a vector construct. The immunogenic portioh(s) which are 
incorporated into the vector construct may be of varjnng length, although it is generally 

35 preferred that the portions be at least 9 amino adds long, and may include the entire 

antigen. Immunogenicity of a particular sequence is often difBcult to predict, although T 
cell epitopes may be predicted utilizing the HLA A2.1 motif described by Falk et al. 



1 ) ■ { ; ■ ! 

-30- \ 

i 

(Nature 557:290, 1991). From this analysis^ peptides be syiithesized and used as 
taiigets in an m vi/^ cytotoxic ass^. Other ass^, however, may also be ttdlized, 
induding, for exan^e, EUSAwhich detects the presaice of antibodies against the newly 
introduced vector, as well as ass^s \^ch test for Tte 
5 interfi^n assays, ILr2 production assays, and prolife^ 

Withm one embodiment of the present invention, at least one immunogenic 
portion of a hepatitis C antigen can be incorporated into a vector construct destined for 
position-spedfte integration. Preferredinununogenicportion(s) of hepatitis Cm^ be 
found in the e and NS3-NS4 rp^ons since these regions are the most conseirved among 
10 various types of hepatitis C virus (Houghton et al., Hepatology 14'Ml-3ZZ, 1991). 

Particularly preferred imnmnc^emc por^ ) 
For example, asnotedabovefor thehepatitis i 
portioiisoftl^^potypeptidenuiy be predicted based upon amino a^ Briefly, 
various coinputer programs which are known to thoi^ 
15 utilized to predict CIL q)itopes^ For example^ 

h^^otype may be predicted utilizing the HLA A2.1 motif described by Falk et al. (Nature 
351:290, J99J). rwm this analyiMS, pq>tides are sjoithesized and used as targets in an iw 
cytoto}dc assay. 

AVlthin anoftm* aspect of the present invention, metfac^ 
20 destroying hepatitis B cardnoma cells comprising the step of adnunistering to a warm- 
bk>oded aniinal a gene delivery vehicle comp^ 
expression of an imnumogenic portion of antigoi X, such tha^ 
generated Sequences which encode the HBxAgm^ readily be obtained 
the art given the disclosure provided herdn. Briefly, within one embodiment of the ^ 
25 preisent invention, a 642 bp Nco I-Taq I is recovered ftom ATCC 45020, and inserted into 
recombinant retroviruses as described above for other hepatitis B antigens. 

The X antigen^ howevet; is a known trimsactivator i^di m^ fonc^ 
marniff similar to other potential oncogenes (e.g.^ ElA). Thus, it is generally prefer^le 
to first aker the X antigen such that the gene product is iion-tuniorigenic b 
30 it into a recombinant retrovirus. Various mettiods may be utilized to render the X antigen 
non-tumorigemc including, for example, by truncation, point mutation, addition of 
premature stop codons, or phosphorylation site alteration. Within one embodiment, the 
sequence or gene of interest which encodes the X antigen is truncated. Truncation may 
produce a variety of fragnients, although it is generally p 
35 equal to 50% of the encodiiig gene sequence. In addition, it is necessaiy that any 
truncation leave intact some of the immunogenic sequences of the gene product. 
Ahemativel)^ vAUwx another embodiment of the invention, multiple tr^slational 
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teraiination codons maybe introduced into the gene. Insertion of termination codons 
prematurely termijidtes protein expression, thus preventing expression of the tramfomiing 
portion of the protein. 

The X gene or modified veraons thereof may be tested for tumorigenictty 
5 in a variety of ways. Representative assays include tumor formation in nude mice, colony 
formation in soft agar, and preparation of transgenic animals, such as transgieiuc mice. 

Within anotiier aspect of the present invention, methods are provided for 
d^to>ying hepatitis G carcinoma cells comprising the step of adn^ 
blooded animal a recombinant retrovirus which directs the expression of ah immunogenic 
10 portion of a hepatitiis C antigen. Preferred immimogenic portion(s) of a hepatitis C 

antigen may befoimd in the polypeptide which contains the Core antigen and the NSl- 
NS5 regions (Ghoo et al., Pro£r. NatL Acad ScL USA S*:2451-2455, 1991). Particulariy 
preferred immunogenic portions may be detemuned by a variety of methods. For 
example, as noted above preferred iinmunogemc portions m^ be pr^^^ 
15 anuno add sequence. Briefly, various computer programs which are known to those of 
orcKnaiy skiU in the art maybe utilized to predict ^CT For example, CTL 

epitopes for theHLA A2.1 haplotype may be predicted utiHzing tiie HLA A2. 1 motif 
described by Falk et al, (Nature 557:290, 1991). Ah^)ther method that tiiay also be 
utilized to predict mununogenic portions is to detemune which portion has the property of 
20 CTL induction in mice utilizing retroviruses {see, Warner et al., AIDS Res. and Human 
Retroviruses 7:645-655^ 1991), As noted witlun Warner et al,, CTL induction m mice 
may be utilized to predict cellular inmiunogenidty m humans. Preferred immunogemc 
portions may also be deduced by detemiining which fragments of the polypeptide antigen 
or peptides are capable of inducing lysis by autologous patient lymphocytes of target cells 
25 (e,^,, autologous EBV-transformed lymphocytes) expressing the fragments after vector 
transduction of the corresponding genes. 

Preferred immunogenic portions may also be selected in the following 
numner. Briefly, blood samples from a patient vnth a target disease, such as HCV, are 
analyzed wth antibodies to mdividual HCV polypeptide regions (e,g,^ HCV core, El, 
30 E2/SNI and NS2-NS5 re^ons), in order to determine which antigenic fi*agments are 
present m the patient's serum. In patients treated with alpha interferon to gi^ 
remission, some antigenic determinants will disappear and be supplanted by endogenous 
antibodies to the antigen. Such antigens are useful as immunogenic portions within the 
context of the present invention (Hayata et al., Hepatology i5: 1022-1028, 1991; Davis 
35 e^tzi.,KEng.J.Med32rASQ\AS^^^ 

Additional immunogenic portions of a chosen antigen, such as those from 

the hepatitis B or C vims, may be obtained by truncating the coding sequence. For 
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example, with IfflV the foUowing sites may Bst UI, Ssp I, Ppu Ml, and 

Msp I (Valenzueia et al., ^ix^re 250:815-19, 1979; Valenzuda et al., Animal Virus 
Genetics: ICN/UCLA Symp. MoL Cell Biol, 1980, B, R Fields and IL Jaenisch (eds.), 
pp. 57-70, New York: Academic). Further methods for determining suitable 
5 immunogenic portions as well as methods are also described below in the context of 
hepatitis C. 

With respect to the treatment of HBV, particularly preferred immunogemc 
portions for incorporation into recombinant retroviruses include HBeAg, HBcAg, and 
HBsAgs, Further, more than one immunogenic portion (as well as immunomodulatory 

10 ^ors, if desired) may be incorporated into the vector construct. For example, within 

one embodimmt a vector construct may be prepared wtuch directs t^^ ) 
both an immunogenic portion of the hepatitis B antigen, as well as an immunogenic 
portion of the hepatitis C polypeptide. Such constructs may be administered in order to 
prevent prtreat acute and chronic hepatitis infections of either type B <wC. Sinularfy, 

15 within othor embodiments, a vector construct nmy be prepared which directs the co- 
expression of both an immimogenic portion of the hepatitisB X antigen, as well as an 
immunogenic portion of the hepatitis C polypeptide. Such a construct may Mnilaiiy be 
administered in order to treat hepatoceUular cardnoma tiiat is assod^^ 
hepatitis B or C. In additioxt, because those individuals chronically infected twth hepatitis 

20 B and C are at higher risk for devdoping hepatocellular carcinoma, such a vector may 
also be utilized as a proph)1actic treatment for the disease. 

Immunogenic portions may also be selected by othcar metiiods; For 
example, the HLA A2. 1/K^ transgeiuc mouse has been shown to be usefiil as a model for 
human T-ceU recognition of viral antigens. Briefly, in the influent ) 

25 systems, the murine T*ce!l recq>tor repertoire recognizes the same antigenic determiimnts 
recognized by human T-cells. In both systems, the CTL response generated in the HLA 
A2.1/Kb trarisgenic mouse is directed toward virtuaUy the same 
recognized by human CTLs of tiie HLA A2.1 haplotype (Vit^ 

775:1007-1015, 1991; VitieUo ^tOi^Abstract of Molecular Biology of HepatitisB Virus 
30 Symposia^ 1992). 

Inimunogenic proteins of the present invention may also be manipulated by 
a variety of methods known in the art, in order to render them more immunogenic. 
Representative examples of sudi methods include: adding amino acid sequences that 
correspond to T helper epitopes; promoting cellular uptake by adding hydrophobic 
35 residues; by forming particulate structures; or any combination of these (see generaify. 
Hart, op. dt, Mlich et al., Proc. Natl Acad Set USA *J:1610-1614, 1988; Willis, 
Nature i^0:323*324, 1989; Griffiths et al., J. Virol 55:450-456, 1991). 
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The present invention also includes composition 
as w# a$ vaccines for preventing^ various feline diseases, including for example feline 
leukemia vims ("FeLV") and feline immunodefidency virus (•*FIV**) infections. These 
viruses are discussed more fiilly in PCT ^application number US 93/09070, 
5 Briefly, feline leukemia virus (FeLV) is a retrovirus of the oncornavirus 

subfamily. FeLV is presently believed to exist in three subgroups - A, B or C - which are 
differentiated by tiieir envelope antigens gp70 and p l 5E* FeLV is also comprised of a 
number of core antigens, including pl5, pl2, p27, and plO^ which are highly conserved 
for all subgroups of FeLV (see Geering et al, F/r, i5:678-680, 1968; Hardy et al., 
10 J^l^ 755:1060.1069, 1971; Hardy etal.,&/^^^ Wiflunone 
embodiment of the invention, the vector constructs directs the expression of at least one 
portion of a feline leukemia virus antigen selected from flie group conasting of plSgag, 
Vi2gag^ p27gag^ plQgag. pUpoI, pSOpol, p46pol, gp7Qem, and pl5ew, Withm a 
particularly preferred embodiment, the vector construct directs the ^pressulon of gpSSewv. 
15 Sequences which encode these antigens may be readily obtained given tiie disclosure 
pro^aded herein (see Donahue et al., J. Tin d2(3):722-731, 1988; Stewart et al., J. Vin 
i5(3):825-834, 19?6; Kumar et al-, J. Vin (?5(5):2379.2384, 1989; Elder et al,, J. Vir. 
-#5(3):871-880, 1983; Beny et al., J. Vin tf2(10):3631^3641, 1988; Laprevotte et al , J. 
Vir. J0(3):8S4-894, 1984). 
20 Feline immunodeficiency virus (FIV) has been classified as a retrovirus of 

the lentivims subfamily, based upon the magnesium requirement for revise transcriptase 
(RT) and the morphology of viral particles (yee Pederesen et sl.^ Science 235:790-793, 
1987), The fdine immunodeficiency virus is morphologically and antigenically distinct 
from other fdine retroviruses, includmg feline leukemia virus, ^e C oncoma virus (RD- 
25 1 14), and feline ^cgtium-forming vinis (FeSFV) (^ee Yamamoto et al., "Effica<gr of 
experimental FIV vacdnes^ (Abstract), First Inters 

Inmiunodeficiency Virus Researchers, University of Califorma, Davis, CA, Sep. 4-7, 
1991). WitWn one embodiment of tiie invention, the vector construct directs the 
e?q)ression of at least one immunogenic portion of an feline immunodefidency \irus 
30 antigen selected from the group consisting of plS^ar^, p24gag, plOgag, pUpol, p62po/, 
plSpol and p36poL Within a particularly preferred embodiment, the vector construct 
directs the expression of gp68e/iv, gp27env and rev. Within the context of the present 
invention, "rev** is understood to refer to the antigen correspond'mg to the rev open 
reading frame (see, PMUips et al.. First Intenmtional Conference, s^pra), Sequences 
35 which encode these antigens may be readily obtained by one of skill in the art gjven the 
disclosure provided herem (see Phillips et aL, X Vir. <5-/(10):4605-4613, 1990; Ohnsted et 
al.,PAr45 55:2448^2452, 1989; Talbottetal.,PJ«/4-S«(J:5743-5747, 1989). 
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StiU Other examples include vector constmcts wMch dk^ 
of a non-tumoiigenic, altered genes such as the ras (ras*) gene (see WO 93/10814; 

08/367,071, st^rd), an altered p53 (p53*) gene (Linzer and Levine, Cell 17:43- 
52, 1979; I^e and Crawford, iVo/t/r^ ViroL 63:739- 

5 746, 1989; U.S.S N. 08/367,071, supra), an altered Rb (Rb*) gene (Friend et al.. Nature 
323:643, 1986; Lee et al.. Science 233:1394, 1987; Fting et dl.. Science 236:1657, 1987; 
U.S.S.N. 08/367,071, ^ra), an altered gene which causes Wihns' tumor (Call et aL, Cell 
60:509, 1990; Gessler et al.. Nature 343:744, 1990; Rose et al., CeU 60:495, 1990; Haber 
et id.. Cell 67:1257, 1990; U.S.S.N, 08/367,071, supra), an altered mucin gene (Giriing 

10 et al.^ InL X Cancer 43iWJ2A(yi 6, 1989; Gendler et al., J. BioL Chem. 263(25): 15286- 
15293, 1990; LanetaL, y. j8foi Chem. 2(15(25):15294-15299^ 1990; Ligtenbeig et al., 
J. Biol Cfeeiw. 265:5573-5578, 1990; Jerome et al,, Cancer Res. 57:2908-2916, 1991; 
and US,S.K OS/367,071, stq>ra), an altered DCC (del^ in colorectal cardnomas) 
gene (reviewed by Edelman in J3/ac/re/» 27:3533-3543, 1988; Solomon, .Marft^e5-/5:4 12- 

15 414, 1990; Fearon et aL, &tfem^ 2-#7:49-56, 1990; 08/367,071, si^pra), a MCC 

(mutated in colorectal cancer) or APC. Both MCC and APC gene (Kinzlor et al,. Science 
257:1366-1370, 1991; Nishiho et al . Science 253:665-669, 1991), an altered ceUular 
recqitor, including, for example, neu and mutated or altered forms of the thyroid 
hormone receptor, the PDGF receptor, the insulin receptor, the Interl^ldn receptors 

20 ie,g., lL-1, -2, -3, etc. receptors), or the GSF receptors, such as the G-CSF, GM-CSF, or 
M-CSF receptors ( US.SJhf, 08/367,071, supra, Slamon et al,. Science 244:707-712, 
1989; Slamon et si.. Cancer Cells 7:371-380, 1989; Shih et id.. Nature 290:261, 1981; 
Schechter, Natt^e 312:513, 1984; Coussens et a!., Saence 230:1132, 1985; Leduc et al.. 
Ant J, Hum. Genet -/-/:282-287, 1989). Alterations in such receptor result in the 

25 production of protem(s) (or receptors) containing novel coding sequence(s). The novel 
protdn(s) encoded by these 5equmce(s) may be used as a marker of tumorigenic cells, 
and an immune response directed against these novel coding region(s) may be utilized to 
destroy tumorigenic cells containing the altered sequence(s) or gene(s). 

If the altered cellular component is associated with makmg the cell 

30 tumorigenic, then, it is necessary to make the altered cellular component non-tumorigenic. 
For example, within one embodhnent, the sequence or gene of interest vMch encodes the 
altered cellular component is truncated in order to render the gene product non- 
tumorigenic. The gene encoding the altered cellular component may be truncated to a 
variety of sizes, although it is preferable to ret£un as much as possible of the :^tered 

35 cellular component In addition, it is necessary that any truncation leave intact at least 
some of the immunogenic sequences of the altered cellular component. Altemativdy, 
multiple translational termination codons may be introduced into the gene wluch encodes 
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the alti&fed cellular component downstream of the immuhogemc region. Insertion of 
termination codomvwU prenmturely tenninate protein^ 

ejcpression of the transforming portion of the protein. US.S.N. 08/367,071, supra. 
It shoirfd be noted, however, that if the altered ceU 

5 nori-tumorigenic cells in general, arid is not required or essential for making the cell 
tumorigerdc, then it is not necessary to render the cellular component non-tumorigemc. 
Representative examples of such altered cellular components which are not tumorigenic 
mclude IUj*, ubiquitin*, and mudn*. 

As noted above, in order to generate an appropriate immune response, the 

10 altered cellular component must also be immunogemc. Immtinogenidty of a particular 
sequence is often diflScult to predict, although T cell qpitopes often possess an 
immunogenic amphipathlc alpha-helbc component In g^ieral, however, it is preferable to 
determine immunogenidty in an assay. Representative assays include an ELISA which 
detects tiie presence of antibodies against the newly introduced vector, as well as assays 

15 which test for T helper cells such as gamma-hxterferon ass^ IL-2 |w^uction assays, 

and proliferation assays. A particularly prefeited method for determining immunogenidty 
isthe CTL assay. -Sfee 08/367,071, supra% 

Once a sequence encodmg at least one anti-tumor ageiit has been obtained, 

it is preferable to ensure that the sequence ^codes a non-tumorigenic protein. Various 
20 assays are known and may ea»ly be accomplished which assess the tumorigemdty of a 
particular cellular component. Representathi^e assays ihdude tumor forniation in nude 
nuce or rats, colony fonhatioh in soft agar, and preparation of transgemc animals, such as 
transgenic nuce 

For tins and many oth^ aspects of the invention, tumor formation in nude 
25 nuce or rats is a particularly important and sensitive method for determining the 

tumorigenicity of im anti-tumor agent. Nude mice lack a fimctional cellular inmiune 
system do not possess CTLs), and therefore pro^de a usefiil in vivo model in which 
to test the tumorigenic potential of cells. Normal non-tumorigenic cells do not display 
uncontrolled growth properties if injected into nude mice. However, transformed cells 
30 will rapidly proliferate and generate tumors in nude nuce. Briefly^ in one embodiment the 
vector construct encoding the altered cellular component is delivered to syngeneic murine 
cells, followed by admmistration into nude mice. The mice are visually exanuhed for a 
period of 2 to 8 weeks after administration in order to determine tumor growth. The mice 
may also be sacrificed and autopsied in order to determine whether tumors are present. 
35 (Giovanella et al., /, Natl Cancer Inst 48:\S2\AS33, 1972; Furesz et al., 

*Tumorigenidty testing of cell Ones considered for production of biolo^cal drugs," 
Abnormal Cells, New Products and Risk, Hopps and Petricciani (eds.). Tissue Culture 
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Assodation, 1985; and Levenbook et al., J. Biol Std, 75:135-141, 1985). Tumorigenicity 
may also be assessed by visualizing colony formation in soft agar (MacPherson and 
Montagnier, Fin 25:291-294, 1964). Briefly* one proper^ of normal nonrtmnorigenic 
cells is ''contact intubition" {te,, cells iviU stop proliferating when they touch neighboring 
5 ceUs). If cells are plated in a semi-solid agar suppCHtmediuni^ 

become contact inhibited and stop proHferating, whereas tumorig^c cells will continue 
to prplifetate and form colonies in soft agar* 

Transgenic animals* such as transgenic mice, may also be utilized to assess 
tiie tumorigenidty of an anti-tumor agent {e.g.^ Stewart et al., Cell 38:627-637, 1984; 

10 Quaifeet al., Cfe//-/*:1023^1034, 19Z7; mdKo\keetQl.,Proc. Natl Acad S^^^ USA 

*(?:5615-5619, 1989). In transgeiuc animals, the gene of interest may be expressed in all ) 

tissues of the anunal. This unregulat 

for the tumorigenic potential of the newly introduced gene. 

In addition to tumorigenidty studies, it is generally preferable to determine 

15 the toTddtyofa gene deUyeiyvdhicle prior to adnnujustration. Avariety of methods well 
knoiyn to those of sldll in the art niay be utilized to measure sudi to^ddty, inclu^g for 
example, dimcal dimustiy assays Adiich measure the systemic levds of various prote^ 
«mid enzymes, as weU as blood ceQ volume and nuniber. 

The present invention also provides vector constructs encoding one or 

20 more gene products capable of immune down*regulation. Brirfly, spedfic down- 
regulation of inappropriate or unwanted immune responses, such as in autoimmune or 
pseudo-autounmune diseases such as chronic hepatitis, diabetes, rheumatoid arthritis, 
graft vs. host disease and Alzheimer's, or in transplants of heterologous tissue such as 
bone marrow, can be engineered using immune-suppressive wal gene products, or active ) 

25 portion thereof whidi suppress sur&ce expres^on of transplantation (MHC) antigen. 

l^thin the present invention, an "active portion" of a gene product is that fi-agment of the 
gene product which must be ret£uned for biolo^cal activity. Such fragments or active 
domains can be readily identified by systematically removing nucleotide sequences from 
the protein sequence, transforming target cells vnth the resulting vector construct, and 

30 determming MHC class I presentation on the surface of cells using FACS analyas or 

other immunolo^cal assays, such as a CTL assay. These fragmmts are particularly useful 
when the size of the sequence encoding the entire protein exceeds the c^adty of the viral 
carrier. Alternatively,, the active domain of the MHC antigen presentation inhibitor 
protein can be enzymatically digested and the active portion purified by biochemical 

35 methods. For example, a monoclonal antibody that blocks the active portion of the 

protein can be used to isolate and purify the active portion of the cleaved protein (Harlow 
et al.. Antibodies: A Laboratory Manual^ Cold Springs Harbor, 1988). 
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For example, suppression is effected by specifically inhibiting the activation 
of display of processed peptides ia the context of self MHC moI 

accessory molecules such as CDS, intercellular adhesion molecule -1 (ICAM-l), ICAM-2, 
ICAM-3, leukocyte functional antigen-1 (LFA-1) (Altmann et al„ iVia*ttre 55^:521, 1989), 
5 the B7J-,3 molecule (Freeman et 2X., X Immunol 143:2114, 1989), LFA-3 (Suiger, 

Science 255:\61\, 1992; Rao, Crit Rev. Immunol 70:495, 1991), or other cell adhesion 
molecules. Antigenic peptide presentation in association i^h MHC class I molecules 
leads to CTL activation. Transfer and stable integration of spedfic sequences enable of 
expressing products expected to inhibit MHC antigen presentation block activation of T- 
10 cells, such as CDS"** CTL, and therefore suppress graft rejection. A standard CTL assay 
may be utilized in order to detect this response. Components of the antigen presentation 
pathway include the 45 Kd MHC class I heavy chain, b^-microgjobulin, processing 
enzymes such as proteases, accessory molecules, cihaperones su 

(Gaczynska, etal. Nature^ 365: 264-282, 1993), and transporter proteinsf such as PSFl, 

15 TAPIandTAP2(Driscoll,era/.,Afc^ 

In an alternative example, vector cotistructs are provided \^4uch direct the 
e?q)ression of a gene product or an active portion of a gene product capable of binding bj- 
microglobulin. Briefly, tr^isport of MHC class I molecules to the cell surface for antigen 
presentation requires association with b^-microglobulin. Thus, proteins that bind Ivj- 

20 microglobulin and inhibit its association with MHC class I indirectly inhibit MHC class I 
antigen presentation. Suitable protebs include the H301 gene product. Briefly, the IDOl 
gene, obtained from the human cytomegalovhus (CMV) encodes a glycoprotein v^th 
sequence homology to the b2^microglobulin binding site on the heavy ch^ 
class I molecule (Browne et al., j^To/iire^^i^ H301 binds b2-nucroglobulin, 

25 thereby preventing the maturation of MHC class I molecules, arid renders transformed 
cells unrecognizable by cytotoxic T^lls, thus evading MHC class I restricted immune 
surveillance. 

Within another embodiment, vector constructs are provided wWch direct 
the expression of a protein or active portion of a prot^ that binds to newly synthesized 

30 MHC class I molecules intracdlularly. Ateematively, antisehse RNA or ribo2^es which 
inhibh translation of MHC class I proteins are encoded by the vector construct. These 
activities prevent migration of the MHC class I molecule from tiie endoplasmic reticulum, 
resulting in the inhibition of terminal glycosylation. This blocks transport of these 
molecules to the cell surface and prevents cell recognition and lysis by CTL. For instance, 

35 one of the products of theE3 gene may be used to inhibit transport of MHC class I 

molecules to the surface of the transformed cell. More specifically, E3 encodes a 19 kD 
transmembrane glycoprotein, E3/19K, transcribed from the E3 re^on of the adenovirus 2 
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genome. Within the context of the present mventiQn^ ti^^ 

vector construct containing the E3/19K sequence, which upon expression produces the 
E3/19K: protda The E3/19K protein inhibits the surface expression of MHC class I 
sur&ce molecules, and cells transformed by the recombinant retrovirus evade an immune 
5 response* Consequently, donor cells can be transplanted with reduced risk of graft 
reje^on and may require only a minimal immunosuppressive regpmen for the transplant 
patient, lliis aUows an acceptable donor-redpient chuneri 

conq>lications. Similar treatments may be used to treat the range of soK^alled autoimnume 
diseases, induding ^rstemic lupus erythematosus, multi^^ 
10 or chronic hepatttiisBinfec^on. 

Another alternative method of immunosuppressaon involves the use of ) 
antisense mess;age, ribo2r/me, or oth«- gene expression inhibitor specific for T-cell clones 
which are autoreactive in nature. These block the expression of the T-^eU receptor of 
particular unwanted clones responsible for an autoimmune response. The antisense, 
15 ribozyme, or other gene may be introduced using a gene deliveiy vehicles. 

Other protdns, not discussed above, that fim(^on to 
down«regulate MHC class I antigen presentation (MHC dass n presentation) may also be 
identified and utilized within the context of the present invention. In ord^ to identify 
such proteins, in particular those derived firom mammalian pathogens (and, in tuni, active 
20 portions thereof), a recombinant retrovirus that expresses a protein or an active portion 
thereof suspected of being capable of inhibiting MHC class I an^^^ 
transformed into a tester cell Ime. such as BC. The tester cell Imes with and without the 

sequence encoding the candidate protein are connpared to stinudators a 

CTL assay. A decrease in cell lyas corresponding to the transformed tester cell indicates ^ 

25 that the candidate protein is capable of inhibiting MHC presentation. 

Many infectious diseases, cancers, autoimmune diseases, and other 
diseases involve the interaction of viral particles with cells, cells with cells, or cells with 
&ctors. In viral infections, \niruses commonly enter cells via recqjtors on the surface of 
susceptible cells. In cancers, cells may req>ond inappropriately or not at all to signals 

30 firom other cells or factors. In autoimmune disease, there is inappropriate recognition of 
"self ' markers. Within the present invention, such interactions may be blocked by 
utilizing vector constructs that code for the in vivo expression of an analogue to eitha:* of 
the partners in an interactioa Such an analogue is known as a blocking agent This 
blocking action may occur intracellularfy, on the cell membrane, or extracellularly. The 

35 blocking action of a blocking agent can be mediated ehher fi^om inside a susceptible cell 
or by secreting a version of the blocking protein to locally block the pathogenic 
interaction* 
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For example, in the case of EHV, the two agents of interaction are the gp 
120/gp 41 envelope protein and the CD4 receptor molecule^ Thus, an appropriate 
blocker would be an HIV env analogue that blocks mv entiy without causing pathogenic 
eflFects, or a CD4 receptor analogue. The CD4 analogue would be secreted and would 
5 function to protect neighboring cells, wWle the gp 120/gp 41 is secreted or produced only 
intracellularly so as to protect only the vector-contaming cell. It mky be advantageous to 
add human immunoglobulin heavy chains or other components to CD4 in order to 
enhance stability or complement lysis. Delivery of a vector construct encoding such a 
hybrid-soluble CD4 in a position-specific manner results in a continuoiis supply of a stable 
10 hybrid molecule. 

Recombinant DNA molecules mediating the e7q>resi^on of HIY env may 
also be constructed. It wiU be evident to one sjdUed in the 

ofblocldng virus adsorption vrtthout overt pathogenic side efl^^ Virol. 
62:139, 19U;¥tshecetal.,Sci0m:^ 

15 Another embodiment of the invention involves the deliveiy of aippr^ssor 

genes which, when deleted, mutated or not expressed in a cell ^e, lead to tumorigenesis 
in that cell type. Remtroduction of the deleted gene leads to regression of the tumor 
phcnotype in these cells. Since mahgnancy can be considered to be an inhibition of 
cellular termmal differentiation compared with cdl growtii, the delivery and expression of 

20 gene products which lead to differentiation ofa tumor should also, ^ 
regression. 

Sequences which encode the aboveniescribed nucleic add mole^ 
be obtained from a variety of sources. For example, plasnuds which contain sequences 
^ that encode altered cellular products may be obtained from a depo^oty such as the 

25 American Type Culture Collection (ATCC, Rockville, Maryland), or from commercial 
sources such as Advanced Biotechnolo^es (Columbia, Maiyland) or British Bio- 
Technology Lhnited (Cowley, Oxford England). Alternatively, cDNA sequences for use 
witii the present invention may be obtained from cells which express or contain the 
sequences. Briefly, within one embodiment mRNA from a cell which expresses the gene 

30 of interest is reyerse transqribed with reverse transcriptase using oligo dT or random 
primers. The single stranded cDNA may then be amplified by PCR i^e U.S. Patent 
Nos. 4,683,202, 4,683,1 95 and 4,800,159. See also PCR Technology: Principles and 
AppUcationsforDNA Amplification, BT}ich(ed.X Stockton Press, 1989)utili2mg 
oligonucleotide primers complementary to sequences on either side of desired sequences. 

35 In particular, a double stranded DNA is denatured by heating m the presence of heat 
stable Taq polymerase, sequence ^edfic DNA primers, ATP, CTP, OTP and TTP. 
Double-stranded DNA is produced when synthesis is complete. This cycle may be 
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repeated many times, resulting in a fectorial amplification of tiie desired DNA. In 
addition, geaies of known nucleotide sequence usefiil for practice of tfie invention may be 
obtained by cloning tfie desired grae from an available cDNA or mRNA fibraiy using 
standard techniques. Nucldc add molecules which are carried and/or expressed by the 
recombinant DN molecules described h^ein may also be sfynthesized, in vAiole or in part, 
for csxample, on an Applied Biosystems Inc. DNA synthesizer (e g;, ARB DNA 
synthesizer model 392 (Foster City, California 

C. Cell Culture 

As noted above, certain embodiments of the pres^^ invention provide viral 
preparations suitable for administration to humans. 

In a particulariy preferred embodiment, high titer recombinant retroviral 
preparations are employed. To produce such high titer preparations, cell culture methods, 
as described in US,S.N. OS/367,071, supra, are used* Briefly, a wide variety of methods 
may be utilized, including for example, the ijse of fermenters or bioreactors, roller botfles, 
cell hotels or cell factories, and hollow fiber culture. For bioreactors or fermenters, cells 
are preferably grown on microcarriers (ie., Cytodex 1 or Cytodex 2; Pharmada, 
Piscataway, N J.) at concentrations raitgtog fi-om 3 to 15 grams of microcarrier per liter of 
i^>propriate media. For roller bottf es, suitable conditions include those used for 
bioreactors, with the exception that microcarrier bea<^ are not utilized. Cell ketones may 
also be utilized for the large scale cell culture and production of recombinant retroviruses 
from adherent cells. Briefly, ceH fectories (also termed **cell hotels") typically contain 
multiple trays molded firom virgin polystyrene assembled by sonic welding one to another, 
followed by treatment to provide a Nuclon D sur&ce^ and are available from a variety of 
manu&cturers, including for example Nunc. Hollow fiber culture methods may also be 
used to produce recombinant retroviruses. Briefly, high titer retroviral production usfa]^ 
hollow fiber cultures is based on increasing viral concentration as the cells are being 
cultured to a high density in a reduced volume of media. The volume of media being 
cultured on the cell side is approximately 10 to 100 fold lower then volumes required for 
equivalent cell densities cultured in tissue culture dishes or flasks, resulting in a 10-100 
fold increase in titer when an indiNddual retroviral producer cell line is amenable to hollow 
fiber growth conditions. To achieve maximum cell density, the individual cells must be 
able to grow in vety close proximity and on top of each other. Many cell lines will not 
grow in this feshion and retroviral packaging cell lines based on these types of cell lines 
may not achieve 10 fold increases in titer. Cell lines which would grow veiy well would 
be non-adherent cdl Ime and it is believed that a retroviral producer line based on a non- 
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itdherent cdl line may reach 100 fold increases in titer compared to tissue culture dishes 
and flasks. 

5 When a rkroviral gene deUveiyveWcle is employed in the 

presOTt mvention, it is prefexxfcle to increase 

as to increase the titer of recombinant retrovirus that may be admuustered. A wide 
variety of methods may be utilized for increasing viral concentration and purity, including 
for example, predpitation bf recombinant retroviruses with ammonium .sul^e, 
10 polyethylene glycol CPEG") concentration, concentration by cehtrifugation (dther with 
or without gpradiems such as PERCOIX, or "cushions*' such as sucrose, use of 
concentration fUlters (e.^., Aniicon 5fe^U*S.S.N, 
08/367,071, it(pra. and US S^N, 08/153,342. 

15 E. Assays 

Within other aspects of the present invention, methods are provided for 
quantitating gene delivery vehicles utifizing non-denaturing gels (e.g., 4-15% gradient 
polyacrylamide gels for resolving recombinant retroviral particles), along with methods 
for estimating or quantitating the resultant products such as, for example, staining with 

20 coomassie blue or silver stain, followed by densitometiy scanning, . Such methods, while 
not capable of discriminating between enable and non-viable gene delivery vehicles, are 
advantageous because they are relatively simple and quick. One represent^rtive example 
of such methods is set forth below in Exaniple 10 in more detail. 

Within other aspects of the present invOTtion, Wisays are prp\^^ 

25 titling recombinant \irus, such as a recombinant retrovirus, in a sample. Typically, such 
assays may be based upon presence of a selectable marker, or fonnation of blue colonies. 
However, within certain embodiments gene delivery vehicles are provided which do not 
include a gene coding for a selectable marker Therefore, antibody and PGR assays, the 
latter of which is described below, may be employed in order to determine titer. To use 

30 PGR to amplify sequences umque to the vector construct carried in the gene delivery 
vehicle, appropriate amplification primers are required. Such primers can readily be 
designed by those skilled m the art and wiU depend on the vector construct employed, the 
components thereoi^ the particular re^on(s) desired to be amplified, eta When a 
reconibinant retrovirus is used as the gene delivery, representative PGR primers pairs 

35 include those specific for LTR sequences, packaging si^al sequences or other re^ons of 
the retroviral backbone, and may include primers specific for the gene(s) of interest. 
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Briefly, within one embodiment of the invention a PGR titering assay is 
tised to deteraune tit^ of a recombinant retroviral preparation. The assay is performed by 
growing a loiown number of cells transduced with the recombmant retrovirus on 6-weli 
plates for at least 16 hr. before harvest. One well per plate is sacrificed for counting. 
5 Ce]Uhs jB:om the other weUs are lysed and ^t^^ DNA is prepared using a 

QUIAmp DNA isolation kit (QUIAgen, Inc.,Chatsworth, CA), DNAs are resuspended in 
5 X 10^ cell equivalents/jiL per saniple. 

To calculate titer, a standard curve is generated using DNA isolated fircm 
5 X 10^ untransduced HT1080 cells (ne^tive control) and 5 x 1(K^HT1080 cdls 

10 transduced with a known vector and having one integrated copy of that vector per cdl 
genome (positive control), such as may be prepared from packa^g cell lin^ transduced 
with a recombinant retrovirus encoding a selectable matfcer^ e^^^ 
The standard curve is generated by combining difiTerent amounts of the po^tive and 
negative control DNA and ampliJ^^g spedfic sequences therefrom by PGR using primers 

15 specific to a particular re^on of the recombinant retrovirus* A representative group of 
mixtures for generating a standard curve is: 
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Rve nucroliters from each tube is placed into one of dgiht reaction tubes (duplicates are 
also prepared), with the remainder bring stored at -20_C. Five microliters from each 

25 sample DNA preparations are placed into their own reaction tubes in dupUcate PGR 
reactions (50 total volume) are then initiated by adding 45.0 fiL of a reaction mix 
containing the following components per tube to be tested: 24,5 pL water, 5 pL lOX 
reaction PCR buffer, 4 pL of 25 mM MgCb, 4 pL dNIPs (containing 2,5 mM of each of 
dATP, dGTP, dCTP, and dlTP), 5 pL of primer mfac (100 ng or each primer), 0.25 pL 

30 taqStart monoclonal antibody (Clontech Laboratories, Inc., Palo Alto, C A), 1 ,00 pL 
TaqStart buffer (Clontech Labs, Inc.), and 0.25 pL AmpUTaq DNA polymerase (Perldn- 
Elmer, Inc*, Norwalk, CN). Just prior to aliquoting the reaction mix to the reaction tubes, 
1 pL of a-^P dCTP (250 pCi; 3000 C/mmol, 10 mCi/mL, Amersham Corp., Ariington 
Heights, IL) is added into the reaction mbc. After aliquoting 45.0 pL the reaction mix 

35 into each of the reaction tubes, the tubes are capped and placed into a thermocycler. The 
particular denaturation, anneaHng, elongation times and temperatures, and number of 
thermoqrcles will vary depending on size and nucleotide compo^tion of the primer pmr 
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used. 20 - 25 amplification thermocycles are then performed. 5 jiL of each reaction is 
then spotted on I)E8 V ion exchange chroniatography p 

England) and air dried for 10 nun. The filter is then washed five times, 100 mL per wash, 
in 50 mM Na2P04, pH 7, 200 mM NaCl, after which it is air dried and then sandwiched in 

5 Saran Wrap. Quantitation is performed on a Phospholmager SI (Molecular Dynamics, 
Sunnyvale, CA), Filters are typically ^posed to a phosphor screen, vdiieh stores energy 
fi^om ionizing radiation^ for a suitable period, typically about 120 mm* After exposure^ the 
phosphor screen is scanned, whereby light is emitted in proportion to the radioactivity on 
the ori^nal filter. The scanmng results are then downloaded and plotted on a log scale as 

10 cpm (ordinate) versus percent positive control DNA(ab Titers (infectious 

units/nd^) for each sajnple ar^ calpulated by multipljdng the number of cdls from wWch 
DNA was isolated by the percentage (converted to dec^^ 

standard curve based on the detected racUoactivity, divided by the volume of recombinant 
retrovirus used to transduce the cells* As iwll be appredated by those in the art, other 
15 methods of detection, such as colorimetric methodSi may also be employed to label the 
amplified products* 

F. Formulation 

■20 .. ■ 

Another aspect of the Invention relates to formulation of the gene deliveiy 
vehicles according to the invention. 

A preferred enibodiment of tills aspect of the invention conicerns the 

. preservation of an mfectious recombinant retrowal preparation, such that the 
25 recombinant retroviruses are capable of infecting eukaryotic cells upon reconstitution (see 
U.S. Serial No* 08/153,342) and delivering the vector construct into the genome of such 
cell in a position-specific maimer Briefly, purified, and optionally concentrated, 
recombmant retrovinis may be preserved by first adding a sufSdent ambimt^ o 
formulation buffer to the media containing the recombinant retrovirus to form an aqueous 
30 suspen^on* Preferably, tiie formulation buflfer is an aqueous solution that contains a 
saccharide, a high molecular weight structural additive, arid a bufifering component in 
water* As utilized wthin the context of the present invention, a **buffering compound'* or 
"buffering component'* should be understood to refer to a substance that functions to 
maintain the aqueous suspension at a desired pH: The aqueous solution may also contain 

35 one or more amino acids. 

The recombinant retro^riul^s can also be preserved in a purified form. More 

specifically, prior to the addition of the formulation buffer, the crude recombinant 
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retroviras described above may be clarified by passing it through a filter, and then 
concentrated, such as by a cross flow concentrating system (Filtron Technology Corp., 
Nortborough, MA). Wthin one embodunent, DNase is added to the concentrate to digest 
exogenous DNA. The digest is then diafiltrated to remove excess media components and 
establish the recombinant retro\irus in a more desirable buffered soltrtion. The diafiltrate 
is then passed over a Sephadex S-500 gd column and a purified recombinant retrovirus is 
eluted. A suffident amount of formulation buff«- is added to this duate to reach a desired 
final concentration of the constituents (see, e.g.. Example 9) and to minimally dilute the 
recombinant retrovirus, and the aqueous suspeh^on is then stored, preferably at *70^C or 
immediately dried. As noted above, the formulation buffer is an aqueous solution that 
contains a saccharide, a high molecular wdght structural additive, and a buffering 
component in water. The aqueous solution nutydso contain one or more am^ 

The (^de recombinant retrovinis can also be p^^ 
cQlunm chromatography. This method is described in more detail in U.S. Patoit 
Application Serial No, 08/093,436, In general, the crude recombinant retroviras is 
clarified by passing it through a filter, and the filtrate loaded onto a column containing a 
highly sulfonated cellulose matrix. The recombinant retrovirus is eluted fi-om the column 
in purified form by using a high salt buffer. The high salt buffer is then exchanged for a 
more desirable buff^ by passmg the eluate over a molecular exclusion column, A 
suflSident amount of formulation buffer is then added, as discussed above, to the purified 
recombinant retrovirus and the aqueous suspension is eitfier dried immediatdy or stored, 
preferably at •TO^'C. 

The aqueous suspen^on in crude or piirified form can be dried by 
lyopjulization or evaporation at ambient temperature. Spedfically, lyophilization involves 
the steps of cooling the aqueous suspension below the glass transition temperature or 
below the eutectic point temperature of the aqueous suspension, and removing water 
fi-oin the cooled suspension by sublimation to form a lyophilized retrovirus. Briefly, 
aliquots of the formulated recombinant retrovirus are placed into an Edwards Refiigerated 
Chamber (3 shelf RC3S unit) attached to a freeze dryer (Supermodulyo 121^. A 
multistep fi-eeze drying procedure as described by Phillips et al, (Cryobiology 18:414, 
1981) is used to lyophilize the formulated recombinant retrovirus, preferably from a 
temperature of •40_C to -45_C. The resulting composition contains less than 10% water 
by weight of the lyophilized retrovirus. Once lyophilized, the recombinant retrovirus is 
stable and may be stored at -20_C to 25_C, as discussed in more detail below. 

Within the evaporative method, water is removed from the aqueous 
suspension at ambient temperature by evaporation. Witfun one embodiment, water is 
removed through spray drying (EP 520,748). Within the spray drying process, the 
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aqueous suspension is delivered into a flow of preheated gas, usually air, whereupon 
water rapidly evaporates from droplets of the suspendon. Spray drydng apparatus are 
available from a number of manufacturers (e.g., Drytec, Ltd*, Tonbridge, England; Lab- 
Plant, Ltd,, Huddersfi^^ Once dehydrated, the recombinant re*rovinis 
5 ^able and may be stored at -20_C to 25_C. Within the methods described herein, the 
resultmg moisture content of the dried or lyophilized retrovhtis may be detertruned 
through use of a Karl-Kscher appia^^ 
Cherry IBII, 1^, or through a gravimetric 

The aqueous solutions used for formulation, as previously described, are 

10 compel of a saccharide, high molecular weight structttral additive, a bufiTering 

component, and water. The sokitidn tnay also include one or more aimno adds. The 
combination of these components act to preserve the activity of the recombinant 
retrovirus upon free^dng and lyophiKzatioii, or dtying through evaporation. Although a 
preferred saccharide is lactose, other saccharides may be used, such as sucrose, maiuiitol, 

^15 glucose, trehalose^ inositol, fructose, maltose or g;alactose. In additioh, combinations of 
saccharides can W used, for example, lactose and mannitol, or sucrose atid mannitoL A 
particularly preferred cottcentration of lactose Is 3%-4% by weight Preferably, the 
concentration of the saccharide ranges from 1% to 12% by wdgtit. 

The high molecular wdght structural additive aids in preventing viral 

20 aggregation during freezing and provides structural support in the lyophilized or dried 
state. Within the context of the present mvention, structural additives are considered to 
be of ••higii molecular weight* if they are greater than 5000 m.w. A preferred Wgh 
. molecular wdght structural additive Is human serum albumin. However, other substances 
may also bte used, such as hydroxyethyl-cellulose, hydroxymetiiyl-cetluloset, dextran, 

25 cellulose, gelatin, or povidone. A particularly preferried cohcenttation of human serum 
albumin is 0. 1% by weight. Preferably, the concentration of the Wgh molecular weight 
stractural additive ranges from 0J% 

The amino acids, if present, fimction to forther preserve vk 
upon cooling and tha\vang of the aqueous suspension. In addition, amino acids function 

30 to further preserve viral infectivity during sublimation of the cooled aqueous suspension 
and while in the lyophilized state. A preferred anuno acid is arginme, but other amino 
acids such as lysine, ornithine, serine, glycme, jglutamine, aispara^e, glutamic acid or 
aspartic add can also be lised. A particularly preferred ar^nine cbncentratibn is 0, 1% by 
weight. Preferably, the amino add concentration ratiges from 0. 1% to 10% by weight. 

35 The buflTering component acts to buffer tlie solution by maintaiiung a 

relatively constant pH. A variety of buffers may be used, depending on tiie pH range 
desired, preferably between 7.0 and 7,8. Suitable buffers include phosphate buffer and 
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dtrate buffer. A particularly preferred pH of the recombinant retrovirus formulation is 
7,4, and a prefixed buffer is tromethamm 

In addition, it is preferable that the aqueous solution contain a neutral salt 
wUch is wed to adjust the 
5 osmotic salt concentration. Suitable neutral salts include sodium chloride/ potassium 
chloride or ma^esium chloride. A preferred salt is sodium chloride. 

Aqueous solutions cpntaming the desired concentration of the components 
described above may be prepared as concentrated stock solutions* 

A particulariy pref^ed method of preserving recombinant retroviruses in 
10 a lyophilized state for subsequent reconstitutioii comprises the steps of (a) combining an 
infectious recombinant retro\dms\^th an aqueous so 

suspension, the aqueous suspension including 4% by weight of lactose, 0.1% by weight of 
human senim albumm, 0.03% or less by wdght of NaCl, 0J% by weight of ar^nine, and 
an amount of tromethamine buff^ effective to provide a pH of the aqueous suspeniaon of 
15 appro^dmatefy 7,4, thereby Sftabili^dng the infectious recombinant retrovirus; (b) cooling 
the suspension to a temperature of from -40_C to -45 JC to form a frozen suspension; and 
(c) inlying wat^ fixm 

composition having less than 2% water by weight of the lypphilized compoation, the 
composition bdng capable of infecting mammalian cells upon reconstitution. It is 

20 preferred that the recombinant retrovirus be repH 
administration into hunuuis upon reconstitution. 

It will be evident to those skilled in the art ^ven the disclosure provided 
herein that it may be prefi^able to utilize certain saccharides within the aqueous solution 
\;^*en the lyophiliz^ retroviras is intended for stora^ 

IS spedfically, it is preferable to utilize disaccharides, sudi as lactose or trehalose, 
particulariy for storage at room temperature* 

The lyophilized or dehydrated retroviruses of the subject invention may be 
reconstituted using a variety of substances, but are preferably reconstituted usmg water. 
In certmn instances, dilute salt solutions which bring the final formulation to isotonicity 

^0 may also be used. In addition, it may be advantageous to use aqueous solutions 
contaming componeiitsjaiown to enhance the activity of the recoristituted ret^^ 
Such components indude cytokines, such as IL-2, polycations, such as protamine sulfete, 
or other components which enhance the transduction eCBciency of the rwonstituted 
retrovirus. Lyophilized or dehydrated recombmant retrovims may be r^ 

ts any conv^iient volume of water or the reconstituting agents noted above that allow 
substantial, and preferably total solubilization of the lyophilized or dehydrated sample. 
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G. Administration 

In another aspect of the present invention, methods are provided for treating 
6ukaiyotic organisntis, particulariy warm blooded animals, and espedaHy human, aflOicted 

5 vwth a variety of diseases, including a genetic disease, cancer, an infectious disease, an 
axitoimmtlnie disease, and inflanunatory disease, a cardiovascular disease, and a 
d^enerative disease. Examples of genetic diseases include but are not limited to; 
thaiassemiii, jpiheriylketonima, Lesch-Nyan syndrome, SGE), hemophilia A and B, cystic 
fibrosis, Duchenne^s muscular dystrophy, inherited emphysexna, &nulial 

10 hypercholesterolemia, and Gaucher*s disease. Examples of cancers include but are not 
limited to; solid tumors, leukemias and lymphomas. Representative examples include 
melanomas, colorectal carcinomas, lung cardnomas (including large cell, small cell, 
squamous and adeho*cardnomas), renal cell cardnomas, cervical cancer, adult T-cell 
lymphoma leukemia, and breast adeno^ardnomas. Infectious diseases include but not 

15 limited to; hepatitis, tuberculous, malaria, human immunodefidency virus, herpes virus, 
tetanus, dysentery, shigella, FeLV, and FIV. Degenerative diseases include but are not 
iinuted to: Atzheimer's disease, mdltiple sclerosis, muscular dystrophy, amyotrophic 
lateral sclerosis, Infl^hmatory diseases mclude rheumatoid arthritis, spinal meningitis, 
and pancreatitis. Autoimmune diseases include diabetes, iiveitis, HIV, and SCID, 

20 Cardiovascular diseases include, chronic rheumatic heart disease, arteriosclerosis, mitral 
valve and aortic stenosis, myocarditis, pericarditis, Maifan*s ^drome, EMers-Danlos 
syndrome, Churg-Strauss syndrome, and scleroderma. 

Each of these methods comprise adinimstration of a gene delh^ery veW^^ 
according to the invention such that a therapeutically efficadous amount of gene product 

25 encoded by the gene of interest carried thereby is produced: As used herdn, a 

••therapeutically eflfective amount** of a gene product expressed from a vector construct 
accordmg to the invention is an amount that achieves a desired therapeutic benefit in a 
patient to an extent greater than that observed when the patient was not treated with the 
gene product. For instance, when the gene product is fector Vin, a •'therapeutically 

30 effective amount** refers to the amount of factor Vm needed to produce therapeutically 
beneficial clotting and \wll thus generally be determined by each patient's attending 
physician, altiiough serum levds of about 0.2 ng/mL (about 0J% of "normal** levds) or 
more will typically be therapeutically benefidal. When the gene product is an RNA 
molecule with intrinsic biolo^cal activity, such an antisense RNA or ribozyme, a 

35 "therapeutically effective amount** is an amount suflScient to aclueve a clinically rdevant 
change in tiie patient's condition through reduced expression of the targeted gene product. 
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most often a protein. In a preferred embodiment, the KNA molecule mth intrinsic | 
biological activit3^ antisenseRNA or ribozynie, ^ I 
fix»m its position^-spedfic location m molar excess to the tai:gete^ | 
Expression levels of the heterologous and t^eted RNAs can be determined by various | 
5 assays, e*^, by PGR analysis/ j 

Typical dosages for ex vivo treatment of hematopoietic stem cells will | 
generally range fixmi about IQfi, 10^ lO^ iqs 10^^ lO^o, iQii to 10^^ infectious gene 
ddfivery vehicles, with dosages of lO*^^ to lO^^^ infectious partides being preferred. 

The gene deUvery vehides of the presem invention ma^ 
10 a wide variety of locations induding, for example, into ^tes such as the cerebral ^inal 

fluid, bone marrow, joiiits/arterialendotheM ^ ) 

lymph System, to an oigan sdected fi^m t^ 

blood and brain, or to a ^e sdected £:om the group condsting of tumors azul interstitial 
spaces. Within other embodiments, the reconi)inant retrovirus may be administered 

15 intradcularl>^ intranasally, subfinguallj^ orally, topically, intravedcallj^ intiatfaecall)^ 
topically, intravenoudy, intraperitoneally; intracranially; intramuscularij^ or 
subcutaneously. Other representative routes of administration include gastroscop)^ ECRP 
and colonoscopy, iA^ch do not require fitll operatit^ pm^ 
may require the presence of medical personnd. 

20 Ckmsiderations for administering the conipodtions ^ 

incliide the follovmig: 

Oral administration is easy and convenient, economical (no sterility 
required), safe (over dosage can be treated in most cases), and permits controlled rdease 
ofthe active iiigrediem of the coniposition (the gc^edd Conversely, there ) 

25 may be local irritation such as^r^^ or dianiiea,^n^c absorption for4)ooriyu- — — 

soluble dnigs, and the gene deUvery vehide wiU be sutject to ^first p^^ 
nietabofism arid gastric add arid enzymatic degradation. Further, there can be slow onset 
of action, effident plasma levels may not be reached, a patient's cooperation is required, 
and food can a£fect absorption. Preferred embodiments of the present invention inchide 

30 the ord administration of gene ddiveiy vehides that express gen^^ 

erythropoietin, insulin, O^l-CSF cytokmes, various polypeptides or peptide hormones, 
thdr agonists or antagonists, wliere these hormones can be d^ved fix)m tissues sudi as 
the pitiutary, I^othalamus, kidney, endothelid cells, livei; pancreas, bone, hemopoetic 
marrow, and adrend. Such polypq)tides can be used for induction of growth, regression 

35 of tissue suppression of immune responses, apoptosis, gene ^ression, blocking 

receptorJigand interaction, inumine responses and can be treatment for certain anemias, 
diabetes, infections, Wgh blood pressure, abnormal blood chemistry or chenustries (e.g., 
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eleviated blood Gholesterol, deficiency of blood dotting fiactors, elevated UDL with 
lowered HDl>)j levels of Alzheimer associated amaloid protein, bone erosion/caldum 
deposition, and controlling levels of various metab olites such as steroid horn^ones, 
purines, and pyrimidines. Preferably, the gene deUveiy vehicles are first lyophilize^ 

5 fiUed into capsules and adncunistered. 

Buccal/sublingual administration is a convenient m^od of administration 
that provides rapid onset of action of the active coinponent(s) of the composition, and 
avoids first pass metabolism. Thus, ihote is no gastric add ot etizymatic degradation, and 
the absorption of gene deliveiy vehicle is feasible: There is Wgh bioavailability, and 

10 vutually inmiediate cessation of treatment is possible. C:bnversdy, such administration is 
limited to relatively low dosages (typically about 10-15 mg), and there caii be no 
simultaneous eating, drinking or swallowing. PrefOTed eiiibOcKments of the present 
invention include the buccal/sublmgual administration of gene delivery vehicles that 
contain jgenes encoding self and/or foreign MHC, or innhune modulators, for the 

15 treatment of oral cancer, the treatment of Sjogren*s syndrome via the buccal/sublingual 
achniiustration of such gene deBvery veMcl^ 

the treatment of ^givitis and periodontitis via the buccal/subUngual adnunistration of 
IgG or cytokine antisense genes. 

Rectal administration pro\ides a negli^ble first pass ntetabolism effect 

20 (there is a good blood/lymph vessel supply, and absoibed materials drain directfy 

inferior vena cava), and the method is suitable of children, patients with emesis, and the 
unconscious. The method avoids gastric add and enzymatic degradation, and the 
ionization of a composition will nOt change because the rectal fluid has no btrflfer capadty 
(pH 6.8; charged compositions absort> best). Conversely, there may be slow, poor or 

25 erratic absorption, irritation, degradation by bacterial flora, and there is a small absorption 
suifece (about O.OSm^). Further, lipidophilic and water soluble compounds are preferred 
for absorption by the rectal mucosa, and absorption enhancers (e*g;, salts, EDTA, 
NSA3D) may be necessary. Preferred embodiments of the present invetition include the 
rectal administration of gene delivery vehicles that contain genes encoding colon cancer 

30 antigens, self and/or foreign MHC, or immune modulators* 

Nasal administration avoids first pass metabolism, and gastric add and 
enzymatic degradation, and is convenient In a preferred embodiment, nasal 
administration is usefijl for gene delivery vehicle administration wherein the gene delivery 
vehicle carries nucleic acid capable of expressing a polypeptide with properties as 

35 described herein. Conversely, such admmistration can cause local irritation, and 
absorption can be dependent upon the state of the nasal mucosa. 
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Pidmonaiy adininisti^on also avo 
add and caugmriatic degradation, and is convenient. Further, pulmonary administration 
permits localized actions that minimize systemic side effects and the dosage required for 
effectiveness, and there can be r^id onset of action and selfcmedication. Conversely, at 
5 thnes only a small portion of the administered composition reaches the brochioli/alveoli, 
there can be local irritadon, and overdosing is pos:»bIe. Further, patient cooperation and 
understanding is preferred, and the propellant for dosing may have toxic effects. 
Preferred embodiments pf the present invention include the pulmonaiy administration of 
vehicles that ©q?ress genes encoding IgA or IgB for the treatment of conditions such as 

10 asthma, hay fever, aliei^^c alveolitis or fibrosing alveolitis, the CFTR gme for the 

treatment of cystic fibrosis, and protease imd collagenous inhibitors such as a-l-antitrypsin 
for the treatment of emphysema. Ahematively, many of the same types of polypeptides or 
peptides listed above for oral admmistration may be used.. 

Ophthalmic administration provides local action, and perniit prolonged 

15 action i^erethe administration is via lnserts. Further, avoids first pass metabolism, and 
gastric add and enzymatic degradation, and p^tnits self-adnnnistration \ia the use of eye- 
<^ops or contact lens-like inserts. Conversely, the administration is not always e£Sdent, 
because the administration induces tearing. Preferred embodiments of the present 
invention include the ophthalnuc admimstration of gene delivery vdiicles that express 

20 genes encoding IgA. or IgE for the treatment ofhay fever conjunctivitis or ve 

atomic oonjuncti\atis; and ophthalmic admimstration of gene delivery vehides that contain 
genes encoding melanoma spedfic antigens (such as high molecular weight-melanoma 
assodated antigen), self and/or foreign MHC, or immune modulators. 

Transdermal administration pennits rapid cessation of treatment and 

25 prolonged action leading to good cbmpliance. Further, local treatment is possible, and 
avoids first pass metabolism, and gastric acid and en2;ymatic degradatioa Conversely, 
such administration may cause local irritation, is particulariy suscq}tible to tolerance 
development, and is typically not preferred for highly potent compo^tions. Preferred 
embodiments of the present invention include transdermal administration to express genes 

30 encoding IgA or IgE for the treatment of conditions such as atopic dermatitis and other 
skin allergies; and transdermal admiiustration of gene deliveiy vehides encodmg genes 
encoding melanonm spedfic antigens (such as high molecular weight-melanoma 
assodated antigen), self and/or foreign MHC, or immune modulators. 

Vaginal administration provides local treatment and one preferred route 

35 for hormonal admmistration. Further, such administration avoids first pass metabolism, 
and gastric acid and ens^onatic degradation, and is preferred for admmistration of 
composhions wherein the gene delivery vehicles ejcpress peptides. Preferred 
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embodiments of the present invention include vaginial administration to express genes 
encoding self and/or foreign MHG, or immune modulators. Other preferred embodiments 
include the va^al administration of genes encoding the components of sperm such as 
histdne, flagellin, etc., to promote the production of sperm-specific antibodies and thereby 
5 prevent pregnancy. This efifed; may be reversed, and/or pregnancy in some women may 
be enhanced, by delivering gene delivery vehicles carrying vectors encoding 
inimunoglobulin antisense genes, Adiich genes interfere with the production of sperm- 
specific antibodies. 

Intravesical administration permits local treatment for urogenital problems, 

10 avoiding systemic side effects and avoiding first pass metabolism, and gastric acid and 
enzymatic degradation. Conversely, the method requires urethral catheterization and 
requires a Ughly skilled stsE. Preferred embodiments of the present invention include 
intravesical administration for delivering antitumor genes such as a prodrug activation 
gene such thymidine kinase or various immunomodulatory molecules such as cytokines, 

15 Endoscopic retrograde cystopancreatogiraphy (ERCP) (goes through the 

mouth; does not require pierqing of the skin) takes advantage of cjctended gastroscopy, 
and permits selective access to the biliary tract and tiie pancreatic duct. Conversely, the 
method r^uires a highly sldUed stafi^ and is unpleasant for the patient. 

Many of the routes of adiriimstration described herein (^.g., into the CSF, 

20 into bone marrow, into joints, intravenous, intra-arterial, intracranial intramuscular, 
subcutaneous, into various organs, intra-tumor, into the interstitial spaces, intra- 
peritoneal, intralymphatic, or into a capillary bed) may be accompKshed simply by direct 
admimstration using a needle, catheter or related device. In particular, within certain 
embodiments of the invention, one or more dosages may be adnunistered directly in the 

25 indicated maimer: into the cerebral spinal fluid at dosages greater than or equal to 10^ 
10^ lo'^, 10^ 10^ 10^^ or 10^^ cfu; into bone marrow at dosages greater than or equal 
to 10^, 10^ 10^, 10^ 10^, 10*^ or 10^^ cfu; into joint(s) at dosages greater than or equal 
to 10^, 10^, 10^, 10^ 10^, 10^^ or 10^^ rfii; intravenously at dosages greater than or 
equal to 10^ 10^ 10^^ or 10*^ cfu; intra-arterially at dosages greater than or equal to 

30 10^, 10^, 10*^, 10^ 10^, 10^^ or 10^^ cfii; intra-cranially at dosages greater than or equal 

to 10^, 10^^ or 10^^ cfii; intra-muscularly at dosages greater than or equal to 10*^ or 

11 5 6 7 S 9 10 

10 cfii; intra-ocularly at dosages greater than or equal to 10 , 10 , 10 , 10 , 10 , 10 

11 5 6 7 S 9 10 

or 10 cfu; pulmonarily at dosages greater than or equal to 10 , 10 , 10 , 10 , 10 , 10 

or 10*^ cfu; nasally at dosages greater than or equal to 10^ 10^ lo'', 10*, 10^ 10*^ or 

11 ^ 567S9 10 

35 10 cfu; sub-lingually at dosages greater tiian or equal to 10 , 10 , 10 , 10 , 10 , 10 
or 10^^ cfu; rectally at dosages greater than or equal to 10^ 10^ 10*^, 10*, 10^ lO^'* or 
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10** cfii; orally at dosages greater than or equal to 10^ 10^ 10^, 10*, 10^ 10*® or 10** 
cfix; topically at dosages ^eater than or equal to 10^ 10*, lo\ 10*, 10^ 10*® or 10** 
cfii; vaginally at dosages greater than or equal to 10^ 10^ 10'', 10*, 10* 10*® or 10** 
cfii; sub-cutaneously at dosages greater than or equal to 10^, 10*® or 10** cfii; inter- 
5 vesically at dosages greater than or equal to 10^ 10* 10^, 10* 10^ 10*® or 10** cfii; 
into an organ such as the lung, liver, spleen, sldn, blood or brain at dosages greater than 
or equal to 10^ la^ 10^, 10*, 10^, 10*® or 10** cfii; intra-tumor at dosages greats than 
or equal to 10*, 10^, 10*® or 10** cfii; intra-peiitoneally at dosages greater than or equal 

o O 10 If 

to 10 ,10, 10 or 10 cfii; into interstitial spaces at dosages greater than or equal to 
10 10^^ or 10^ Vcfix; intra-lymphatically at dosages greater than or equal to 10^, 10^, 10^, 

a 9 10 11 5 

10 ,10 , 10 or 10 cfii; into a capiUajy bed at dosages greatCT 10 , 

10^, 10^, 10^ 10^, 10^^ or 10^' cfii; or intrathecally at dosages greater than or equal to 
10^ 10^ lo'^, 10^ 10^ 10^^ or 10^^ cfij. -cfii" is understood to mean "colony formmg 
umt** and is thus applicable to any of the various gene delivery vehicles usefiil in the 

15 practice of the invention. Colony fonxung umt means the number of cells transduced in 
vitro in some detectable fashion {e.g. drug resistance, gene expression detected by 
reaction Mnith an antibody, PGR for transduced genes etc.) 

Gene deliv^ vehicles may be delivered fi^om outside of the organism to 
be treated, such as during a surgical procedure for other purposes, as part of a procedure 

20 with other purposes, or as a procedure designed expressly to administer the gene deliv^ 
vehicle. Other routes and methods for administration include the non-parenteral routes 
disclosed within U.S. Serial No. 08/366,788, filed December 30, 1994, as well as 
administration m multiple sites as disclosed withui U.S* Serial No. 08/3 , filed 
DecOTiber 30, 1994 [Atty. Docket No. 930049.427]. 

25 In addition to m vivo administration, the gene delivery vehicles of the 

invention may also be delivered in an «x wva format. 



oflimitation. 



The following examples are offered by way of illustration, and not by way 
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Examples 

The following examples are included to more fiiUy iUustrate the present invention. 
Additionally, these examples provide preferred embodiments of the invention and are not 
5 meant to limit the scope thereof Standard methods for many of the procedures described 
in the foUowing examples/ or suitable a^^ 

recogjiized manuals of molecule biology, such as, for example **Molecular Cloning," 
Second Edition (Sambrook, et oA, Cold Spring Haibor Laboratory Press, 1987) and 
"Current Protocols in Molecular Biology" (Ausubd, et al, eds. Greene AssodatesA^^lIey 
10 Intersdence,NY, 1990), 

EXAMPLE 1 
Prep AKATION OF A CHIMERIC REm 

15 Ttus example describes how to confer the position specifidt^ 

yeast Ty3 element (U.S/Paterit No. 5,292,662) to the integrase (IN) protein derived 
from Moloney inurihe leukSetma virus. Under appropriate conditions, the resulting 
chimeric integrase can then be packaged into a variety of gene deliv^ vehicles to 
cbnfer on a vector construct according to the invention position-spedfic integration 

20 into the genome of a eukaryotic cell transduced or otherwise transformed therewith. 

As noted previously, Ty3 IN is a fonctional and smictural analog of 
retroviral IN proteins, including MoMLV IN, An alignment of the anrino add 
sequences dfTy3 and MoMLV (^^eHG. 3) using the UWGCG Bestfitalg^^^ 
(Devereux, el al. (1984), Nucl Acids Res,, vol 12:387.395) revealed roughly 25% 

25 identity within the core region which contains the D-D-E motif consoved among 
retrovirus IN protems. In MoMLV IN, which comprises 408 amino adds, the core 
re^on corresponds to approximately 220 residues, the amino-terminal domain 
comprises about the first 40 anuno adds, and the carboxy terminus the remmning 
140 or so ammo acids. In Ty3 IN, which is comprised of 536 amino adds, the 

30 ammo-terminal domain spans about the first 60 residues, the core domam about the 
next 240 amino adds, vath the carboxy-terminal domain comprising approxunately 
230 residues. In each protein, the ammo-terminal domain is referred to as the "A" 
domain, the carboxyl end as the "C* domwn, and the core domain as "B**, as 
designated in FIG. 2/ To fiirther specify the orign of each domain, the sm^ 

35 case designation therefor may be immediately followed by "m" for a domain derived 
firom MoMLV IN or "t** for a domain derived from Ty3. For example, ••At** 



I. , l ..^ 

wo 96/31626 PGT/US96/06727 

• 54- 

designates the A domain derived from Ty3, and a cWmeric IN protein or gene 
therefor (or vector harboring such gene) referred to as AmBmCt, for example^ is a 
chimera comprising the A and B domains from MoMLV IN and the C domain from 
Ty3. For purposes of designing each of the chimeric IN proteins described below 
5 , and their corresponding genes, the actual A-B breakpoint, at residue 41 in MoMLV 
IN and 61 in Ty3, and B-C breakpomt, at amino acidsf 263 and 304 in MoMLV IN 
and Ty3, respectively, are selected so as to be vMm re^ons of random coil in order 
to nunimize disruption of secondary and tertiaiy structure m the chim^c proteins. 

10 A Construction of Recombinant Retroviral Vectors Encoding Ghimeric IN 
Proteins, 



Each chimeric IN retroviral vector is based on the retroviral veaor 
pRgpKan, which is illustrated in FIG. 4, pRgpKan contains all cis elements of a 

15 Wgh titer retroviral vector. In addition, it expresses fimctipnal gag and pol gene 
products and, when introduced into a ceU line expressm 
products, results in the production of recombinant retroviral particles containing 
pRgpKim genomic RNA pRgpKjm contains the neomydn phosphotraiisferase gene 
from transposon Tn5; the gene is expressed as kanamydn resistance in bacteria and 

20 G418 resistance in mammaUanceUs (utilise The 

retroxiral vector also contains the colEl ori^ of replication to allow the plasmid to 
be propagated in JE: colt The properties of pRgpKan allow for selection of 
transduced cells and subsequent rescue of vector DNA from those cells in bacteria 
after kanamydn selection. Genes expressed from pRgpKan-based retroviral vectors 

25 do not require the splice acceptor sequence found in the MoMLV IN gene since env 
is supplied in trans, TTie plasnud fr)nn of pRgpKan contams only one LTR. When 
expressed in cells, however, RNA genohkes are transcribed with two LTRs. 
pRgpKan derived from the BAG vector OPrice, et al, (1987), 

Proc.NatiAcad.Sci.USA, vol 84:156-160.). 

30 The seven chimeric retroviral vectors depicted in FIG. 5 were 

constmcted using the pRgpKan backbone as follows. Initially, a 2.8 kb sequence 
contmning the IN-coding region was excised from a piasmid such as pMLV-K 
(Miller al. J. Mol Cell Biol 5:43 1, 1985) or 2xMLV which encodes the 
MoMLV genome, flanked on either end by a LTR (see FIG, 6), The exdsion was 

35 performed using &3t/ 1 and Bam HL The resultant agarose gel purified fi^agment 
was cloned into Sal UBam HI digested pIBI.20 to generate pMLVlN (FIG. 6). 
Next, a 4.5kb Sal I to Seal fragment from Ty3 containing the Ty3 IN-coding region 
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from pVB193, spanning base pairs 3132 - 5332 of the Ty3 element itself (Elansen, et 
al. (1990), J. Virol., vol. 64:2599-2607) was cloned into the gel pimfied 4.4 kb Sea 
I fragment of pMLVIN to yidd the 8.8 kb plasroid vector pMLV/Tj^m, 
contained the heterologous MLV and Ty3 integrase gene% arranged in tandem as 

5 follows: AmBmGm-AtBtCt Kunkel mutagenesis CKunkel, T A. (1 985), 

Proc.Natl.Acad.Sci USA, vol. 82:488r492' looping but of single strand phage DNA 
u^g an oligonudeotide bridge complementary to the desired junction re^ons in 
MoMLV and Ty3 IN) was then performed on pMLV/Ty3IN to ddete all but the 
first three codons of MLV IN in frame and immediately 5' of 

10 produce the plasmid pfTYSIN (FIG. 6). The nudeotide sequence of the 

oSgonudeotide used to perform this mutagenesis, Oligol [SEQ ID NO: 5], is 
provided in FIG. 7. Also shown are the MLV and Ty3 sequenciBSCompletttentary to 
those of Oligol. 

pfryS/MLVlN was then generated by ligating the 5.4 kb J&nn I to 

15 Eco KI fragment from pfTYSIN to the 3.8 Kb -»wii I fragment from pMLVIN. 

pfTYS/MLVIN cohtairis the Ty3 and MLV integraises aligned AtBtCt-AmBmCm, as 
depicted in FIG. 6. As designed, the pfTYS/MLVIN consttuct contains the 
proteolytic deavage site of MLV at the amino temuruis of the Ty3-IN coding 
re^on. Each of the two phagemid constructs, pMLV/TjrSIN and 

20 pfrY3IN/MLVBJ, were then used as sjd>strates for Kunkd mutagenesis to generate 
four chimeric IN genes. Specifically, 01igo4 and OKgo5 [FIG. 7; SEQ ID NOS: 14 
and 17, respectively] were used to generate pAmBtCt and pAmBmCt, respectively, 
from pMLVrtySm. OUgo2 DFIG- 7; SEQ ID NO: 8] was used to rautagenize 
pfrY3/MLVIN to generate pAlBmCm, wMle OBgo3 [HG. 7; SEQ ID NO: 1 1] was 

25 usedtomutagenizepyTy3/MLVINtog«ieratepAfBtGnL 

The last tw6 chimerais, contwuhg the B domain from one integrase 
between the A and C domans of the other were made as follows. pAtBtCm was 
deavedwith^/«draandM5cItordeasetheBtCtoi-contaiiimgre^^ This 
fragment was cloned into pAmBtCt which had been sinularly cleaved to remove the 

30 BtCt re^on. The resultant construct, deisigniated pAmBtCm, encoded a chimeric IN 
having A and C re^oris from MLV and a B domain from Ty3. pAtBmCt, which 
contains the A and C domain coding le^ons from Ty3 and the B domain coding 
region from MLV, was made by digesting pAmBmCt xnfhHind JR and gd 
puri^g the BmCt-^ntaining regjon which was then cloned into pAtBmCm from 

35 which the BmCm re^on had been r«noved hy Hind JR digestion. 

Each of the seven plasnuds, or "phagemids," (pAmBmCt, 
pAtBmCm, pAffimCt, pAroBtGm, pAtBtCm, pAmBtCt, and pfTySIN) encoding the 
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chimeric IN proteins was then digest^ with either Sal l^Xho 1 or Sal UBam HI to 
release the coding re^onseaicoding the chimeric integrases, Each ofihe 
approximately 2.7 kb fragments contaiiung the coding re^ons were then combined 
in separate three way ligations with the 4.1 kb I to &i/ 1 fragment from 
5 pRgpKan and either a Nhe I to Sal I or Nhe I to Bam HI fragment of aboitt 3 ld> 
BAG/SX. FIG. 4. The resultant constructs were designat 
(where X, y^ and z are either t or m, depending upon the phagen^ 
dq>ending on the origin of the A, B/and C domains in the clmneric integrase gene. 
Two independent kanamydn resistant clones for each construct were analyzed by 

10 restriction digest and confirmed by sequence analysis. 

In addition to the seven chimeric retroviral vector constructs 
described aboye» a negative control retroviral vector, designated pRgpAmBtCt(-), 
was prepared by inserting the AmBtCt DNA sequence in the antisense orientarion. 
When pRgpAmBtCt(^) is introduced into a suitable packa^g cell line, e.g.^ NCIO 

15 or 292 2-3» recombinant retroviral particles are produced, althougji these particles 
are replication incompetent and do not contain frmctional pRgpKan, from 
which the MoMLV IH coding re^on was initially derived, was used as the positi^^ 
control. 

20 B. Production of Recombinant Retroviral Particles Using Recombingiht 
Retroviral Vectors Codingr for Chimeric IN Protdn. 

In order to test for bioloj^cal activity and po^tion-spedfic 
integration in huniw and other nmnmaUan cells, cult^ 

25 retrowal particles carrpig chimeric integrase may be produced as described 
hereinafter. Initially, 293 2-3 cells (AKA 2^93-GPi Bums, etal,, 
Proc.NatlAcad.ScL 90:Z033 1993, see WO 92/05266) generated from the human 
adenovirus 5-transforaied embiyonal kidney cell Ime 293 (ATCC #CRL1573) and 
which express MoMLV gag and pol genes, are produced. NCIO cells, which 

30 ^ress the 4070A amphotropic envelope (see WO 92/05266), are generated from 
the HT1080 human fibrosarcoma line (ATCC #CCL 121). Both HT1080 and 292 
cells have been demonstrated to lack DNA sequences that hybridize to the MoMLV 
genome. A plasmid construct, pMLP-G, expreisses vesicular stomatitis virus G- 
protein and is used to complemient MoMLV gag^^pol proteins to pseudotype 

35 retroviral vector particles. FIG. 8 illustrates the method for generating producer 
cultures. In each case^ the plasmid encoding the cMmeric IN retrowal vector is co- 
transfected (Graham, et al. (1973X Virology, voL 52:456^67) into 293 2-3 cells 
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along with pMLP-G at a 1:1 ratio. In the 293 2-r3 cells, the retroviral RNA genome 
encoding the chimeric IN is encapsidated along with pol proteins into p2Uticles 
formed by gag gene products. These particles also contmn VS V-<j protem on their 
outer surface^ After 48 hrs., fStered (.45 jira, cellulose acetate) supernatant fluid is 
5 placed onto NCIO cells. After an additional 24 hrs., the transduced (Emi, et aL 
(1991X J, ViroL, voL 65:1202-12070 NC 10 oilture is placed xmderG41 8 selection 
(600 lig/nd). Selection continues until 

longer contain viable cells. The resulting cultures produce retroviral particles which 
consist of: a RNA genome coding for, among other things, a chimeric IN protein; 

10 ga^r and /?o/ gene produ^^ 

an amphotropic envelope; and chuneric IN protdn. 

Functionality of these retrowal particles is subsequently assessed by 
pladng filtered supernatant fluid onto targ^ cells, e.^;, HT1080, and selecting for 
G41 8 resistant transductants. All of the cWmeric retroviral vector particles 

15 produced have been used successfiilly to generate NCI 0 producer cells, Le., cells 
which produce infectious recomb As judged by relative 

transient titers, retroviral genomes boding for a chimeric IN protein are packaged at 
the same rate as observed for RgpKan, 

To fiirther characterize the NCIO producer cells to ensure that the 

20 biological activity of the ga^ and jpo/ components, NCIO cell lysates and 

supematants are tested by Northern analy^s (Sambrook, et al., supra) to determine 
the level of expression and packa^g of the retrowal constructs cocfing for the 
chimeric integrases, as compared to the expression levels detected for the control 
; R^Kan construct. Because no cis acting sequences required for transcription, 

25 packaging, or replication are modified, the results for the chuneric retroviral vectors 
are e)q)ected to be siniilar to those deternuned for the control 

Additionally;NC10 cell lysates and supematants are tested by 
Western blot analysis for production of MoMLV gag and IN protems using antt- 
p30j anti-MoMLV IN^ and anti-Ty3 IN rabbit polyclonal antibodies prepared 

30 separately according to standard techniques. Because the levels of gag protem is 
comparable for control RgpKan and the seven chimeric constructs, they serve as an 
internal control for the levels of/^oAderived IN protein. The mobility and detected 
amount of chimeric integrase produced fi-om each construct indicatesi if correct 
processing by the MoMLV protease occurred at the MoMLV IN processing ^te 

35 three ammo acids in fi^ont of the junctions with the Ty3 sequence, for those chimeras 
containing an At domain. As retrovird processmg sites are fairly locally detennined, 
requiring approximately seven residues (Pettit, et al, (1991), J. Biol Ghem., vol. 
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266:14539-14547) and are similar to Ty3 protease processing sites, functional 
processing of the MoMLV IN ate should occur even for the AtBtCt construct. 

In addition, NCIO ceU supeniatants are concentrated by 
coitrifugation and tested for reverse transcriptase activity (Gofl^ et al, (1981), J. 
5 ViroL, vol 38:329-248.) to determine if incorporation of ^ 

domam into the retro\iral particle disrupts rev Activity 
of test constructs is compared to activity in the RgpKan supematants and both are 
normalized to levels of gag protdn. 

For each of the two clones of the seven chimericIN constructs and 
JO two control constructs, I^Kan and RgpAmBtCt(-X three G418 resistant cultures 
are derived and supematants are harvested. 

C. Target Cell Transduction. 

15 In ordo- to evaluate whether the recombinant retroviral vectors 

generated from NCIO producers, as described above, are transduction competent, a 
transduction assay using a wkaryotic cdl Kne, e.g;, OT 

cells are susceptible to infection by amphotropic retroviral vectors, however, here 
transduction (as determined by G4 18 re^stance) depends on successful integration 
20 meifiated by a chimeric IN incorporated into the retrowal particle during virion 
assembly in the NCIO producer cell, where the integrase function is eticoded in 
NCIO cells by the retroviral vector introduced by the VSV-g pseudo^e virion 
produced in the 292 2-3 cdls. 

Transduction assays are performed as foUows: Appro>dinately 10 nrf 

25 of filtered (0,45 fun) supernatant fluid from NCIO producers is placed on about 10^ 
fresh HT1080 cells. After 24 hrs., the media is replaced withDMEM + 10% FBS, 
After an additional 24 hrs., the media is changed again, and this time contains 600 
tig/na G418. men non-transduced control cultures of HT1080 ceUs are no 
viable under G418 selection, G418 resistant colonies are scored as successftil 

30 transduction events. The number of HT1080 G418-resistant clones derived from 
the chimeric const^cts, as well as from the control constructs, are then normalized 
on the basis of the amount of gag protein in the NCIO supernatant, as measured by 
Western blot, so that the relative infecti\dty of control and chimeric constructs is 
normalized for particle production- The results of a transduction assay using the 

35 chimeric constructs described above appear in Table 1, below, and indicate that the 
substitution of Ty3 sequences for the corresponding domains of MoMLV IN result 
m an integrase capable of mediating integration. 
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Table 1 
Transduction Assay Results 

5 Titer on HT1080 



CONSTRUCT 


ISOLATE* 


A 


B 


RgpAmBmCt 


4-11 


2 




RgpAt^mCm 


29-11 






RgpAtBmCt , 


3-49 


0 


0 


R^AmBtCm 


2-6 


>500 


»500 


RgpAtBtCm 


1-8 


>400 


noo 


RgpAmBtCt 


24-24 


2 


0 


RgpfTyS 




0 


n 


RgpKan 




>104 


>104 


pRgpAmBtCtC-) 






0 



To analyze reverse transcription and viral DNA processing, four hrs. 
after infection, cells are harvested and Hirt supematants derived (Roth, et al. (1989), 
Cell, voL 58:47-54.). The amount of supernatant used for each sample is 

20 normalized on the basis of gag protein levels/ These supematants should contain 
extrachromosomal viral DNA produced by reverse transcription of the retroviral 
RNA genome following cell entry. Aft^ RNase digestion, the level of reverse 
transcribed DNA as determined by Southern blot analyas using MoMLV-specific 
probes. Viral DNA processing is assayed by exanuiiation of the ends of the 

25 extrachromosomal pNA. Both retrowus and Ty3 IN proteins remove two bp from 
the 3' ends of replicated retroviral DNA prior to integration. DNA in the KQrt 
supematants fluid is digested with restriction en2ymes close to the ends of the virus, 
fractionated on a gel suitable for resolving fragments of the expected siz^ 
dependent on the sequence of the nucleic add and the restriction enzyme selected), 

30 transferred to mtrocellulose and probed with terminal strand specific probes to 

deterniine whether termiiial processmg has occurred This information will be used 
as described below in (Section D) to optimize another set of constmcts. 

D. Analysis of P osirion^Specifio Integration 

35 

To determine the position of provirus in a eukaiyotic genome, an 
integration library may be constmcted from DNA of transduced cells. Below, such 



i } i ) 

wo 96/37626 PCT/US96/06727 

-60- 

an analysis is described for provirus whose integration into the genomes of HTI080 
target cells was mediated by the chimeric IN proteins described above. Each of the 
retroviral vectors encoding the chimeric integrases and the pRgpKan control contain 
the col El origm of replication (ori), as well as bacterial control elements that allow 
5 the expression of the kanamydn resistance gene in coli. As a result, the 

integrated provirus, along Vintii host DNA adjacent to the site of integration, can be 
cloned directly m bacteria (Cepko, et al. (1984X Cell, vol 37:1053-1062). 

FIG, 9 illustrates the technique described herdn for isolating 
integrated proviral DNA. After HT1080 target cells are selected for transduction by 

10 G418 treatment, genomic DNA from pooled cultures is isolated and digested to 
completion wth restriction enzymes that do not occur in the prowal DNA, e.g.. 
Sea 1, Bst 1 107^ for which no restriction recognition ^te occurs in the chimeric 
vector constructs. The DNA is then ligated under conditions that favor 
drcularization so that host DNA on either side of the integration site is included in 

15 the circular molecules. Circular DNA is then used to transform the DH12sC strain 
otR coli (Gibco BRL), or another strain of £1 coU designed for cloning non- 
bacterial DNA. Kanamydn resistant colonies are then isolated and pooled, followed 
by plasmid DNA extraction. 

As Ty3 integrase mediates integration proximal to RNA polymerase 

20 lU transcribed genes, wluch mclude tRNA genes, to determine the approximate 
frequency of insertions next to tRNA genes, animal cell tRNA is purified, labeled 
(Goddard, et al (1983), Nuc. Adds Res,, vol. 1 l :255l«620, and used to probe 
Southern blots of pooled plasmid DNA from the kanamydn resistant bacteria. 
Parallel blots probed with LTR spedfic probes reveal the relative abundance of 

25 proviral DNA and adjacent tRNA genes* Nonspecific integration, as ^cpected for 
RgpKan controls, yields a frequency of assodation provirus and a tRNA gene less 
than 1 in 1,000 clones, based on an average size of cloned integration firagment of 3 
kb and a total genomic DNA of 10^ kb harijdring about 1,300 tRNA genes (EJatien, 
et al. (1971), J, Mol Biol, voL 56:535-553). Pooled DNA and colonies also be 

30 screened in a similar manner using SS and U6 sequence probes, since these genes 
are conserved in sequence but repeated in the genome, 1,000 to 2,000 for the 5S 
gene (Sorensen, et al. (1991), Nuc. Adds Res., vol. 19, 4147-51) and 200 for U6 
(IJayashi, K. (1981), Nuc. Acids Res., vol 9:3379-88). 

Clones and pools from the integration library may also be probed 

35 with a radiolabeled Alu-spedfic probe. Although Alu elements are generally not 
transcriptionally active, they contain pol IH promoter elements. 
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Pr^ferably/|it least ten plasmids for eap 
sequencing to identify potenti^ target genes independent of prober re^acdvity (Pavesi, 
et al. (1994), Nuc, Acids Res., vol 22: 1247-56); Sequencing from the LTRs allows 
a detennination of provirus prieritation with respect to the pol Hi-transcribed 
5 element. If an insertion is within 500 bp, preferably within 100 bp, more preferably 
vdthin 20 bp of the 5' end of the mature tRNA coding region (or coding region for 
another RNA pol m gene), integration is deemed to have involved position^ 
specificity. However, only after approximately 10-20 posiUon-^edfic events are 
analyzed is a chimeric IN function be considered position-specific, 
10 In addition, the level of e)q>ressioa of a gene of inters 

integrated in a ppsitioa-q>ecific maimer by a chimeric integrase according to the invention can also be 
analyzed Freferably^ expression levek t*dnvaiyless^ 

and most preferably less ttian 10-fold for a gtven gene of interest integrated in a posttion^rspedflc manner, 
as compared to the same gene randomly integrated in a o^mpaiableeu^ Typicai^» 
15 target ceUs are tested by quantitative Northern blot analysis for the expression levels of transcripts 

produced from the integrated provirus. To perform a statistical analysis, at least ten independent clones 
are examined per original construct 

EXAMPLE 2 

20 Preparation OF REmoviRAL VEcrroRBACKBO^ 



A. Preparation of Retrovdra^ Backbones KT-1 and KT-3B 

The Moloney murine leukemia wus (Mo^ 
(LTR) EcoR I-EcoR I fragment, including sequences, from the N2 vector 

25 (Armentanoe/a/,, j; Vin tfi:1647-1650, 1987; EgUtas era/.. &r/e»ce 250:1395-1398, 

1985) is ligated into the plasnud SK**" (Stratagene, La Jolla, CA), The resulting construct 
is designated N2R5, The N2R5 construct is mutated by site-directed in vitro mutagenesis 
to change the ATG start codon to ATT preventing gag expression. This mutagemzed 
fragment is 200 base pairs (bp) in length and flanked by Pst I restriction sites. The Pst I- 

30 Pst I mutated fragment is purified from the SK"*" plasmid and inserted into the Pst I site of 
N2 MoMLV 5' LTR in plasmid pUC3 1 to replace the non-mutated 200 bp fragment. The 
plasmid pUC3 1 is derived from pUC19 (Stratagene, La JoUa, CA) in which additional 
restriction sites Xho I, Bgl n, BssH n and Nco I are inserted between the EcoR I and Sac 
I sites of the polylinken This construct is designated pUC3 l/N2R5gM 
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A 1,0 kOobase (Kb) MoMLV 3* LTR EcoR I-EcoR I fragment from N2 is 
cidiied into plasimd SK+ resulting in a construct designated N2R3*^. A LO Kb Cla I-Hind 
in fragment is purified from this construct. 

The Cla I-Gla I dominant selectable marker gene fragment from pAFVXM 
5 retroviral vector (Krieglcr Wo/., Ce//i^:483, 1984; St. Louis e/ ai, PNAS8S:31S0- 
3154,1988), comprismg a SV40 eariy promoter driving expressio 
phosphotransferase gene^ is cloned into the SK"^ plasmid. This construct is designated 
SK* SVa^neo A 1 J Kb Cla I-BstB I gene 
plasmid. 

10 KT-3B or KT-l vectors are constructed by a three part ligation in which 

the Xho tela I fi^igment containing the jgene of interest and the 1 .0 Kb MoMLV 3' LTR 
da t-Hind in fragment are inserted into the Xho I-Hind HI site of pUC31/N2R5gM[ 
plasmid. This gives a vector designated as hawig the KT-l backbone. The 1.3 Kb Cla I- 
BslB I mo gene fragmerit from the pAFVXM retroviral vector is then inserted into the 

15 Qa I ^te of this plasmid in the sense orientation to yield a vector designated as having the 
KT-3B backbone. 



EXAMPLES 

20 Construction of recombinant Reiroviruses Expressing Factor vm 

A. Construction of Full-Length and B Domain Deleted F actor Vm cDNA Retroviral 

The foOowing is a description of the constmction of several retroviral 
25 vectors encoding a fiiU-length fector Vin cDNA. Furtiier discussion is also provided in 
U.S. Serial No. 08/366,85 1, filed December 30, 1994. Due to the packaging constraints 
of retroviral vectoi^ and because selection for transduced cells is not a requirement for 
thmpy^ a retroviral backbone, e.g., KT-l, lacking a selectable marker gene is employed. 

30 L Production of Plasmid Vectors Encoding FulULength Factor Vm 

A gene encoding fiiU length fector Vin can be obtained from a variety of 
sources. One such source is the plasmid pCIS-F8 (see EP 0 260 148), which contains a 
fixU length &ctor VHI cDNA whose expression is under the control of a CMV major 
immediate-early (CMV MIE) promoter and enhancer. The factor Vm cDNA contains 

35 approximately 80 bp of 5' untranslated sequence from the factor VHI gene and a 3* 
untranslated re^on of about 500 bp. In addition, between the CMV promoter and the 
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faaor Vin sequence lies a CMV intron sequence, or •'cis** element. ITie cis element, 
spanning about 280 bp, comprises a splice donor site from the CMV major inmiediate- 
early promoter about 140 bp upstream of a splice acceptor from an immunoglobulin gene. 

More specifically; a plasmid, designated pJW-2, encoding a retroviral 
5 vector for expressing full length fector VHI is constructed using the KT- 1 backbone from 
pKT-1. Briefly, m order to facaitate directional cloning of the factor VHI cDNA insert 
into pKT-1, the imique Xho I site is converted to a Not I «te by site directed 
mutagenesis. The resultant plasniid vector is then opened wth Not l and Cl^ pCIS-F8 
is digested to completion with Cla I and Eag I, for ^^Wch there are two sites, to release 
10 the fragment encoding fiiU length factor Vin. This fragment is then ligated into tfie Not 
I/Cla I restricted vector to generate a plasmid designated p JW-2. 

2. Construction of a Truncated Factor Vn Retroviral Vector fND-5> 

A plasmid vector encoding a truncation of about 80% (approximately 370 

15 bp) of the 3' untranslated region of the factor VHI cDNA, designated pND-5, is 

constructed in a pKT-1 vector as follows: As described for pJW-2, the pKT-1 vector 
employed has its Xho I restriction site replaced by that for Not I. The factor Vm insert is 
generated by digesting pCIS-F8 with Cla I and Xba I, the latter enzyme cutting 5* of the 
faaor Vm stop codon. The apprpxunately 7 kb fragment contaiiung all but the 3' coding 

20 region of the factor Vm gene is then purified. pCIS-F8 is also digested with Xba I and 
Pst I to release a 121 bp fragment cbntaming the gene's temrination codon. This fragment 
is also purified and then ligated in a three way ligation wth the larger fragment encotUng 
the rest of the factor Vm gene and Cla I/Pst I restricted BLXJESCRIFT® KS+ plasmid 
(Stratagene, >w(pm) to produce a plasmid d 

25 The unique Sma I site in pND-2 is then changed to a Cla I site by ligating Cla I 

linkers (New England Biolabs, Beverly, MA) under dilute conditions to the blunt ends 
created by a Sma I digest. After recircularization and ligation, plasmids containing two 
Cla I sites are identifi^ and designated pND-3. 

The factor VIII sequence in pND-3, bounded by Cla I ates and containing the full 

30 length gene with a truncation of much of the 3' untranslated region, is cloned as follows 
into a plasmid backbone derived from a Not I/Cla I digest of pKT-1 (a pKT-1 derivative 
by cuttmg at the Xho I site, bluntmg with Klenow, and inserting a Not I Unker (New 
England Biolabs)), wMch yields a 5.2 kb Not I/Cla I fragment. pCIS-F8 is cleaved with 
Eag I and Eco RV and the resulting fragment of about 4.2 kb, encoding the 5' portion of 

35 the full length factor Vm gene, is isolated. pND-3 is digested with Eco RV and Cla I and 
a 3 A kb fragment is isolated. The two fragments contaming portions of the factor Vin 
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gene are then ligated into the Not I/Cla I digested vector backbone to produce a plasmid 
designated pND-5. 

5 3. Cpnstructton of the B-Domain Deleted Vector 

The precursor DNA for the B-deleted FVin is obtained from Miles 
Laboratory. This rapression Vector is designated p25D and has the exact backbone as 
pCISFS above. The Hpa I site at the 3* of the FVHIS cDNA in p25D is modified to Cla-I 
by oligolinkers. An Acc I to Cla I fragment is dipped out from the mocfified p2SD 
10 plasmid. This fragment spans the B-domain deletion and indudes the entire 3* two-thirds 
of the cDNA An Acc I to Cla I fragment is removed from the retroviral vector JW-2 
above, and replaced with the modified B-domam deleted Augment just described. This is 
designated B*del*l . 

The vectors described herein are then used to produce infectious, 
15 replication incoimpetent recombinant retroviral partides incorporating a chimeric integrase 
protein in an appropriate retroviral packa^g ceD line^ prfcfe^^ 
line. 

Detection of Replication Competent Retroviruses fllCR^ 

20 1, The Extended S^ L* Assav 

The extended S**!^' assay determines whether replication competent, 
infectious vinis is present in the supernatant of the cell line of interest. The assay is based 
on the empirical observation that infectious retroviruses generate fod on the indicator cell 
line MiCl^ (ATCC No/ CCL 64.1), The KfiCIi ceH line is derived from the MvlLu mink 

25 cell Une (ATCC No. CCL 64) by transduction with Murine Sarcoma Virus (MS V). It is a 
non-producer, non-transformed, revertant clone contaimng a replication defective murine 
sarcoma prowus, S**", but not a replication competent murine leukemia provirus, L*, 
Infection of MSCli cells with replication competent retrovirus "activates** the MSV 
genome to trigger •'transformation'* which results in fod formation. 

30 Supernatant is removed from the cell Une to be tested for presence of 

replication competent retrovims and passed through a 0.45 p fdter to remove any cells. 
On day 1, MvlLu cells are seeded at LO x lO^ cells per well (one well per sample to be 
tested) of a 6 well plate in 2 ml DMEM, 10% EBS and 8 jig/ml polybrene* MvlLu cells 
are plated in the same manner for positive and negative controls on separate 6 well plates. 

35 The cells are incubated overnight at 37T, 10% CO2. On day 2, 1.0 ml of test 

supernatant is added to the MvlLu cells. The negative control plates are uicubated with 
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1 .0 nd of media. The positive control consists of three dilutions (200 focus forming units 
(fill), 20 fill and 2 flEb each in 1*0 ml media) of MA virus (referred to as pAM in Miller et 
al, Molea and Cell Biol 5:431, 1985) which is added to the cells in the positive control 
wells. The cells are incubated ovemight On day 3, the media is aspirated and 3 ,0 ml of 
5 fresh DMEM and \(M FBS is added to the cells. The cells are allowed to grow to 

co^fiuency and are split 1:10 on day 6 and day 10, amplifying any replication competent 
retrovirus. On day 13, the media on the MvlLu cells is aspirated and 2.0 ml DMEM and 
10% EBS is added to the cells. In addition, the MiCli ceUs are seeded at 1.0 xlO^ ce 

per weU in 2.0 irf DMEl^ 10% EBS a^^^ 

10 from the MvlLu cells is tr^msferred to the corresponding well of the MiCli cells and 

incubated ovenught at 10% CO2. On day 15, the media is aspirated and 3.0 ml of 
fresh DM^ and 10% FBS is added to the cells. On day 21, the cells are ^canuned for 
focus formation (appearing as clustered, refractile cells that overgrow the monolayer and 
remaiii attached) on the monolayer of cells. The test article is detenrfned to be 

15 contanunated with replication competent retro\drus if foci appear on the MiCli cells. 
Using these procedures, it can be shown that the HBV core producer cell lines are not 
contanunated with replication competent retrovimsfes. 

• 2. Cocultivation of Producer Lines and MdH Marker Rescue Assay 

20 As an alternate method to test for the presence of RCR in a vector- 

producing cell fine, producer cells are cocultivated with an equivalent number of Mus 
dumi (NIH NIAIDBethesda,MD) cells. Small scale cocultivations are performed by 
nuxing of 5.0 x 10^ Mus dunm cells with 5.0 x 10^ producer cells and seedmg the mixture 
into 1 0 cm plates (1 0 ml standard culture media/plate, 4 jig^ml polybrene) at day 0. Every 

25 3-4 days the cultures are spfit at a 1:10 ratio and 5.0 x 10^ Mus dunm cells are added to 
each culture plate to effectively dilute out the producer cell line and provide ma^dmum 
amplification of RCR On day 14, culture supematants are harvested, passed through a 
0.45 \k cellulose-acetate filter, and tested in the MdH marker rescue assay. Large scale 
cocultivations are performed by seeding a mixture of 1.0 x lO^Mtis dunni cells and 1.0 x 

30 10^ producer cells into a total of twenty T-150 flasks (30 ml standard culture media/flask, 
4 Jig/ml polybrene). Cultures are split at a ratio of 1: 10 on days 3, 6, and 13 and at a ratio 
of 1:20 on day 9, On day 15, the final supematants are harvested, filtered and a portion 
of eadi is tested in the MdH marker rescue assay. 

ITie MdH nuirker rescue ceU line is cloned fi-om a pool of A/115 

35 transduced with LHL, a retroviral vector encoding the hygronaydn B resistance gene 
(Pahner et aU PNAS 84\ 1055-1059, 1987). The retroviral vector can be rescued fi-om 
MdH cells upon infection of the cells with RCR, One ml of test sample is added to a well 
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of a 6-weB plate containing 10^ MdH cells in 2 ml standard culture medium (DMEM with 
10% EBS, 1% 200 mML-glutamine, 1% non-essential amino adds) containing 4 jug/ml 
polybrene. Media is replaced after 24 hours with standard culture medium without 
polybrene. Two days later, the entire volume of MdH culture supernatant is passed 
5 through a 0.45 \i cdlulose-acetate filter and transferred to a well of a 6-well plate 
containing 5,0 X lO^Mujr dStrnw 

polybrene. After 24 hours, supematants are replaced with standard culture media 
contaiiung 250 jig/nil of hygromydn B and subsequently replaced on days 2 and 5 with 
media contaming 200 jig^ml of hygromycinB, Coloiues resistant to hygromydn B ^pear 
10 and are ^asualized on day 9 post-selection, by staining with 0,2% Coomassie blue. 

Administration of Vector Construct 
1/ Animal Adnjinistration Protocol 

The intestinal epithelium is an attractive site for gene delivery due to its 

15 rapidly proliferating tissue mass and the known location of stem cells in the crypts of 
Lieberkuhn, The deep location of the stem cells in the crypts and the protective role of 
the mucus gel layer, makes the retrovirus relatively inaccessible to the tissue cells. 
However, the accessibility of the retroviral vector to these stem cells can be improved in 
ammal models by the in vivo mucus removal method of Sandberg, J,, et aL,{Human Gem 

20 TT/en^y 5:3232-329, 1994). 

Male Sprague-Dawley rats obtained from Charles River Breeding 
Laboratories (Portage, MD.) are anestiietilzed and the cecum is identified upon opening 
the peritoneal cavhy, A 3 cm ileal segment is isolated from the last Peyer'S patch in the 
terminal ileum and ligated at each end* A plastic catheter attached to a qrringe is inserted 

25 into the segment and two milliliters of the mucolytic agents dithiothrdtol and N-acetyl- 
cysteine is instilled under nuld pressure for two mmutes, then removed. This procedure 
is repeated once again before filling the segment with 0.2 to 2*0 ml of retro^aral vector 
particles at 10^ to lOlO cfu/ml. The ligatures are removed 1 to 4 hours later and the 
abdominal cavity is sutured. Ck>ntrol animals are instiUed Avith fonnidation buffer oiily. 

30 Blood is collected from the tail vein and assayed for fector Vni production 

by a sandwch ELISA specific for human factor VOX (accordmg to the modified 
procedure of Zatioukal, K., et al, iW^5 P7:5 148-51 52, 1994), The EUSA is based on 
two monoclonal antibodies directed against human factor VHI (ESH 4 and ESH 8: 
American Diagnostica), ESH 4 (25 mg/ml in 1 .0 M NaHCO3/0.5 M NaCl, pH 9.0) is 

35 coupled to the ELISA plates overnight at 4^0, washed vnUx 0. 1% Tween 20 in PBS, and 
blocked witii 1% BSA in PBS. The samples are appKed in 0.05 M Tris-HCl/1 M 
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NaCI/2% BSA» pH 7,5, over 4 hr at room temperature, the plates are washed, and ESH 8 
(2.5 mg/ml in 0,05 M Tris-HCl/1 M NaCl/2% BSA, pH 7.5,) which has been biotinylated 
with hydroxysuccminudobiotin (Pierce, Rockford, IL.) is added for 2 hr at room 
temperature. The color reaction is performed with peroxidase-conjugated streptavidin 
5 (Boehringer Mannheim, Jhdianapolis, INO ^d o* phenylenedianiine dihydrochloride as 
substrate. The human factor VIII:c standard (from the National Institute for Biological 
Standards and Control, Hertfordshire, UJK.) and normal rat plasma are used as 
references. 

10 2. Human Administration Protocol 

Lyophilized recombinant retrowus containing the gene for Factor Vm 
expression is formulated into an enteric coated tablet or gel capsule according to known 
methods in the art. These are described in the followng patents: US 4,853,230, EP 
225,189, AU 9,224,296, AU 9,230,801, and WO 92/14452. 

15 The capsule is administered orally to be targeted to the jejunum. At 1 to 4 days 

following oral administration of the recombinant retrovirus, e?cpression of Factor Vm is 
measured in the plasma and blood by the Goatest^ Factor Vm assay as described in 
Example 2B1. 

20 EXAMPLE 4 

MTRAVESICAL ADMINISIRAHON of RECOMBINANr RETROVIRUSES EXPRESSING TK 

Construction of TK Vector Constructs 

L Construction of plasmids containing vector LTR sequences 
25 All of the follox^nng retroviral vectors are based on the N2 vector (Keller 

et al.. Nature 575:149-154, 1985). Briefly, 5' and 3' Eco RI LTR fragments (2.8 and 1.0 
Kb, respectively) (Armentano, J. Vin ef7:1647, 1987;Eglitis, Science 250:1395, 1985) are 
initially subcloned into the Eco RI site of plasmids SK (Stratagene, San Diego, CA) and 
pUC31. pUCSl is a modification of pUC19 (Stratagene, SanDiego, CA) carrying 
30 additional restriction sites (Xho I, Bglll, BssH II, and Nco I) between the Eco RI and 
Sac I sites of the polylinker, Plasmid N2R3+/- is thereby created from ligation of the SK 
plasmid with the LO Kb 3' LTR fragment The plasmids p3 1N2R5+A and p3 1N2R34-/- 
are constructed from the ligation of pUG31 with the 2,8 Kb 5* LTR and packaging signal 
(Y) or the 1 .0 Kb 3' LTR fragment, respectively. In each case N2 refers to the vector 
35 source, R refers to the fact that the fragment is an Eco RI fragment, 5 and 3 refer to 5' or 
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3* LTRs, and + or - refers to the orientation of the insert (see Figures 1-6 for examples of 
LTR subclones). 

In one case, a 1.2 Kb Cla IZEco RI 5' LTR and W fragment fromN2 is 
subdoned into the same sites ofanSK*^ vector: This vector is desi la 
5 another case, the 5' LTR containing a 6 bp deletion of the splice donor sequence (Yeeet 
al^ Cold Spring Harbor, Quantitative Biology, 5 1:1021, 1986) is subcloned as a 1.8 Kb 
Eco RI Segment into pUC3 L This vector is designated p3 1N25D[+], Rgure 6. 

2. Construction of plasmids containing HS VTK 
10 The coding region and transoiptional termmation signals of HS V*l 

thymidine Idnase gene (HSVTK) are isolated as a 1.8 Kb Bgl II/Pvu n fragment from 
plasmid 322TK (3.5 kb Bam HI fragment of HSV-1 (N^^Kni^t et oL) cloned into Bam 
HI of pBR322 (ATCC No. 3 1344)) and cloned into Bgl Il/Sma Indigested pUC3 1 . This 
construct is designated pUCTK. For constructs wMch requure deletion of the terminator 
15 signals, pUCTK is digested with Sma X and Bam HE and the 0.3 Kb fragment containing 
the (A)n signal is removed. The reniaining coding sequences and sticky-end Bam HE 

overhang are reconsthuted with a double-^stranded oligonucleotide made from the 
following oligomers: 
(SEQUENCE ID, NO. 18) 
20 y GAG AGA TGG GGG AGG CTA ACT GAG 3' 

(SEQUENCE ID. NO. 19) 

5' GAT CCT CAG TTA GCC TCC CCC ATC TCT C 3' 

The resulting construct is designated pTKD A, Figure 7. 
For diagnostic purposes, the oligonucleotides are designed to destroy the 
25 Sma I site while maintaining the Ava I site without changing the translated protein. 

The plasmid pPrTKDA (Figure 8), which contains the HSVTK promote 
and coding sequence (lacking an (A)^ signal), is constructed as follows. 

L pTKD A is linearized with Bgl n treated with alkaline phosphatase, 
and gel purified. 

30 2, A 0.8 Kg fragment contwned the HSVTK transcriptional promoter 

is isolated as a Bam HI/Bgl H fragment from p322TK. 

3. Products from (1) and (2) are ligated, transformed into bacteria, 
and positive clones are screened for the proper orientation of the promoter re^on. A 
resultant clone is designated pPrTKDA (Figure 8), 

35 
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3. Construction of retroviral provectors expressing HSVTK from a 
constitutive promoter 

The retroviral provectors pTK-1 and pTK-3 are constructed essentially as 
described below. 

5 1. The 5 Kb Xho I/Hfind HI 5' LTR and plasmid scujuences are 

isolated from p3 1N2R5(4^ (Figure 1> 

2. HSVTK coding sequences lacking transcriptional termination 
sequences are isolated as a L2 Kb Xho I/Bam HI fragment from pTKDA (Figure 2). 

3 . 3' LTR sequences are isolated as a 1 .0 Kb Bam Hi/Hind III 
10 fragment from pN2R3(-) (Figure 2X 

4, The fragments from steps I«3 are mixed, Ugated, transformed into 
bacteria, and individual clones identified by restricdon en2yme analysis. The construct is 
designated TK-1 (Figure 9), 

5, pTK-3 is constructed by lineariTing TK-1 with Bam HI, filling in 
15 the 5' overhang and blunt*end ligating a 5 -filled Cla I/Cla I fragment containing the 

bacterial lac UV5 prompter, SV40 early promoter, plus Tn5 neo' gene obtained from 
pAFVXM retroviral vector (Krieger et at. Cell 5P:483, 1984; St. Louis et al., PNAS 
5J:3 150, 1988). Kanamycin-resistant clones are isolated and individual clones are 
screened for the proper orientation by restriction enzyme analysis (Figure 9), 
20 These constructs were used to generate infectious recombinant vector 

particles in conjunction with a packaging cell line, such as DA as described above. 

EXAMPLES 

Preparation OF RECoMBmANT RETRomus Fo 
25 Human Growth Hormone 

A. Preparation of hGH containing vectors 

Vector pDHF828 containmg the fiiU-length human growth hormone gene 
is constructed essentially as follows. Briefly, plasmid pDHFSl 1, was constructed by 
30 removing the Xhol- Clal fragment of the KT-1 retrovkal vector described above, and 
inserting the following oligonucleotide linkers by ligation of the cohesive ends: 



35 



Linker sequences: 
(SEQUENCE ID# 20) 

5* TCGAGGATCC GGCCGGGCGG CCGCATCGAT GTCGACG 3' 
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(SEQUENCEID#21) 

5" CGCGTCGA CATCGATGCG GCCGCCCGGG COQATCC 3' 

In particular, the linkers were annealed at 65^C for 20 minutes, 42**C for 20 minutes, 37**C 
5 for 20 minutes, and room temperature for 2 hours . The concentrations of both 
oligonucleotides was ISmM and the salt concentration was 100 mMNaCL Aft^ 
annealing, 50ml of 1«S niM annealed linker was digested with Clal ov^^ 
Clal ends. For ligation, 3nM of KT-1 Xhol - Clal fragment was mixed with POnM of 
linker, and the resultant mixture incubated at 15**C for 3 hours. The ligated DNA sample 

10 was transformed into DH«*Sa competent cells, followed by screemng of transformants. 

Plasmid chGH 800 containing the foil length cDNA of the hOH gene 
(Martial, ILA. et al.. Science 205:602, 1979) was digested with Hind blunt-ended 
wdth the Kienow fragment enzyme, and cloned into the Srfl ate of pDHFSl L The 
resultant plasmid was de^gnated pDHF828 and can be introduced into an appropriate 

15 packaging cell line to produce recombinant retroviral particles incorporating a chimeric 
integrase protein which confers podtion-spedfic integration into the targ^ed genome. 



EXAMPLE 6 
20 Analysis OF CJRUDEA^roPu^ 

Crude and purified solutions of recombinant retrovirus particles may be 
separated on gracfient polyacrylamide gels utilizing, for example, the PHASTGBL system 
(Pharmacia Biotech). Briefly, samples are place on 4-15% polyacrylanude gels without 

25 pretreatment and electrophoresed for 35 minutes at 250V, The gels are then removed and 
stmned with coomassie blue in order to detect virus and other protein components. The 
gels are then scanned by laser densitometiy in order to determine the content of virus and 
other components. 

Vmxs bands may be identified by their relative molecular weight and by 

30 reverse transcriptase activity (RT), The purpose of tWs assay is to quantify the activity of 
reverse transcriptase (RT), an enzyme exclusively associated with all retroviruses. The 
relative amount of retrovirus in a sample can be determined by measuring the activity of 
this enzyme in a given preparation. 

Briefly, Moloney murine leukemia virus reverse transcriptase (Pharmacia, 

35 Newark, NJ) is diluted to a concentration of 1 |xg/ml by addition of Ix Tris/EDTA buflfer 
solution containing 10 mM Tris-HCl and ImM EDTA, pH 8.0. One hundred microliters 
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of this solution is added 6,84 ml of sterile dH20, 500 ^l of IM Tris HCl pH 8.0, 10 nl of 
0. IM MnCl2, 200 of IM dithiothreitol, 50 ^il of 10% Nonidet P40 (NP40), 2 ^l of 100 
pM dNTP (Pharmacia, Newaric, NJ, dNTP IJItrapure Kit™), and 300 fil Methyl - 3h 
Thymidine 5* - Triphosphate (30-50 Ci/mmol), This mixture is incubated for I hour at 
5 370c in a water bath. FoUowing incubation the sample is placed on ice. Approximately 
1 ,0 ml of 2N HCl is added to the cooled sample. The precipitated radiolabled DNA 
fragments are vacuum filtered onto glass fiber filters usmg a Millipore sampling manifold 
(Millipore, Philadelphia, PA). The filters are washed, dried^ placed in scintillation 
cocktml, and counted in a Beckman LSSOOOlD scmtillation counter (Beckman, Dallas, 
10 TX). 

While the present invention has been described above botii generally and in terms 
15 of preferred embodiments, it is understood that variations and modifications will occur to 
those sldlled in the art in light of the description, 5wpra Therefore, it is intended that the 
sqppended claims cover all such variations conung within the scope of the invention as 
claimed. 

Additionally, the publications and other materials dted to illuminate the 
20 background of the invention, and in particular, to provide additional details concerning its 
practice as described in the detailed description and examples, are hereby incorporated by 
reference in their entirety. 
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SEQUENCE LISTING 

(1) GENBRAI* INFORMATIONS 

(i) APPriCANTs CHIRON VIAGENE, INC. 

(ii) TITLE OF INVENTION: POSITION-SPECIFIC INTEGRATION OF 

VECTOR CONSTRUCTS INTO EUKAR3fOTIC GENOMES MEDIATED BY A 
CHIMERIC INTEGRASE PROTEIN 

(ill) NUMBER OF SEQUENCES: 21 

(iv) CORRESPONDENCE ADDRESS: 

(A) ADDRESSEE: Chiron Viagene, Inc. 
{B) STREET: 4560 Horton Street 

(C) CITY: Emeryville 

(D) STATE: California 

(E) COUNTRY: U.S^A. 

(F) ZIP: 94608 

<v) COMPUTER READABLE FORM: 

(A) MEDIUM TYPE: Floppy disk 

(B) COMPUTER: IBM PC compatible 

(C) OPERATING SYSTEM: PC-DOS /MS-DOS 

(D) SOFTWARE: Patentin Release #1.0, Version #1.25 

(vi) CURRENT APPLICATION DATA: 

(A) APPLICATION NUMBER: Unasslgned 

(B) FILING DATE: Even date herewith 

(C) CLASSIFICATION: 

(viii) ATTORNEY/AGENT INFORMATION: 

(A) NAME: Kruse, Norman J» 

(B) REGISTRATION NUMBER: 35^235 

(C> REFERENCE/DOCKET NUMBER: 1159.100 

(ix) TELECOMMUNICATION INFORMATION: 

(A) TELEPHONE: (510) 601-3520 

(B) TELEFAX: (510) 655-3542 

(2) INFORMATION FOR SEQ ID NO:l: 

(i) SEQXnSNCE CHARACTERISTICS: 

(A) LENGTH: 538 amino aclda 

(B) TYPE: amino acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO:l: 

Thr lie Thr Pro Glu Thr Ser Arg Pro lie Asp Thr Glu Ser Trp Lys 

5 10 15 

Ser Tyr Tyr Lys Ser Asp Pro Leu Cyo Ser Ala Val Leu lie His Met 

20 25 30 

Lys Glu Leu Thr Gin His Asn Val Thr Pro Glu Asp Met Ser Ala Phe 

35 40 45 

Arg Ser Tyr Gin Lys Lys Leu Glu Leu Ser Glu Thr Phe Arg Lys Asn 

50 55 60 

Tyr Ser L u Glu Asp Glu Met He Tyr Tyr Gin Asp Arg Leu Val Val 
65 70 75 80 

Pro He Lys Gin Gin Asn Ala Val Met Arg Leu Tyr His Asp His Thr 

85 90 95 

Leu Phe Gly Gly His Phe Gly Val Thr Val Thr Leu Ala Lys He Ser 

100 105 110 

Pro He Tyr Tyr Trp Pro Lys Leu Gin His S r He He Gin Tyr He Arg 



wo 96/37626 



-73- 



PCT/US96/06727 



1X5 120 125 

Thr cys Val Gin cys Gin Leu lie Lya Ser His Arg Pro Arg Leu His 

130 135 140 

Gly Leu Leu Gin Pro Leu Pro Xle Ala Glu Gly Arg Trp Leu Asp lie 
145 150 155 160 

Ser Met Asp Phe Val Thr Gly Leu Pro Pro Thr Ser Asn Asn Leu Asn 

165 170 175 

Met lie Leu Val Val Val Aep Arg Phe Ser Lys Arg Ala Hie Phe Xle 

180 185 190 

Ala Thr Arg Lye Thr Leu Asp Ala Thr Gin Leu lie Asp Leu Leu Phe 

195 200 205 

Arg Tyr lie Phe Ser Tyr His Gly Phe Pro Arg Thr lie Thr Ser Asp 

210 215 220 

Arg Asp Val Arg Met Thr Ala Asp Lys Tyr Gin Glu Leu Thr Lys Arg 
225 230 235 240 

Leu Gly lie Lys Ser Thr Met Ser Ser Ala Asn His Pro Gin Thr Asp 

245 250 255 

Gly Gin Ser Glu Arg Thr lie Gin Thr Leu Asn Arg Leu Leu Arg Ala 

260 265 270 

Tyr Ala Ser Thr Asn lie Gin Asn Trp His Val Tyr' Leu Pro Gin lie 

275 280 265 

Glu Phe Val Tyr Asn Ser Thr Pro Thr Arg Thr Leu Gly Lys Ser Pro 

290 295 300 

Phe Glu lie Asp Leu Gly Tyr Leu Pro Asn Thr Pro Ala lie Lys Ser 
305 310 315 320 

Asp Asp Glu Val Asn Ala Arg Ser Phe Thr Ala Val Glu Leu Ala Lys 

325 330 335 

His Leu Lys Ala Leu Thr lie Gin Thr Lys Glu Gin Leu Glu His Ala 

340 345 350 

Gin lie Glu Met Glu Thr Asn Asn Asn Gin Arg Arg Lys Pro Leu Leu 

355 360 365 

Leu Asn lie Gly Asp His Val Leu Val His Arg Asp Ala Tyr Phe Lys 

370 375 380 

Lys Gly Ala Tyr Met Lys Val Gin Gin lie Tyr Val Gly Pro Phe Arg 
385 390 395 400 

val Val Lys Lys lie Asn Asp Asn Ala Tyr Glu Leu Asp Leu Asn Ser 

405 410 415 

His Lys Lys Lys His Arg Val lie Asn Val Oln Phe Leu Lys Lys Phe 

420 425 430 

Val Tyr Arg Pro Asp Ala Tyr Pro Lys Asn Lye Pro He Ser Ser Thr 

435 440 445 

Glu Arg lie Lye Arg Ala His Glu Val Thr Ala Leu He Gly He Asp 

450 455 460 

Thr Thr Hie Lys Thr Tyr Leu Cys His Met Gin Asp Val Pro Asp Pro 
465 470 475 480 

Thr Leu Ser Val Glu Tyr Ser Glu Ala Glu Phe Cys Gin He Pro Glu 

485 490 495 

Arg Thr Arg Arg Ser lie Leu Ala Asn Phe Arg Gin Leu Tyr Glu Thr 

500 505 510 

Gin Asp Asn Pro Glu Arg Glu Glu Asjp Val Val Ser Gin Asn Glu He 

515 520 525 

Cys Gin Tyr Asp Asn Thr Ser Pro Xaa 
530 535 537 



<2) INFORMATION FOR SEQ ID NOa2t 

(i) SEQtJENCE CHARACTERISTICS: 

(A) LENGTH: 408 amino acids 

(B) TyP£: amino acid 

(C) STRANDEDKESS: single 
(P) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 2: 

He Glu Asn Ser Ser Pro Tyr Thr S r Glu His Phe His Tyr Thr Val 



} 



wo 96/37626 PCTAJS96/06727 

.74- 



5 10 15 

Thr Asp lie Lys Asp I#eu Thr Lys Leu Gly Ala lie !Pyr Aap Lys Thr 

20 25 30 . 

l#yo Xye Tyr Trp Val Tyr Gin Gly Lyo Pro Val Met Pro Asp Gin Phe 

35 40 45 

Thr Phe Glu Leu Leu Asp Phe Leu His Gin Leu Thr His Leu Ser Phe 

50 55 60 

Ser Lys Met Lya Ala Leu Leu Glu Arg Ser His Ser Pro Tyr Tyr Met 
65 70 75 80 

Leu Asn Arg Asp Arg Thr Leu Lys Asn He Thr Glu Thr Cys Lys Ala 

85 90 95 

Cys Ala Gin Val Asn Ala Ser Lys Ser Ala Val Lys Gin Gly Thr Arg 

100 105 110 

Val Arg Gly His Arg Pro Gly Thr His Trp Glu He Asp Phe Thr Glu 

115 120 125 

He Lys Pro Gly Leu Tyr Gly Tyr Lys Tyr Leu Leu Val Phe He Asp 

130 135 140 

Thr Phe Ser Gly Trp He Glu Ala Phe Pro Thr Lya Lya Glu Thr Ala 
145 150 155 160 

Lys Val Val Thr Lye Lys Leu Leu Glu Glu He Phe Pro Arg Phe Gly 

165 170 175 

Met Pro Gin Val Leu Gly Thr Asp Asn Gly Pro Ala Phe Val Ser Lys 

180 185 190 

Val Ser Gin Thr Val Ala Asp Leu Leu Gly He Asp Trp Lys Leu His 

195 200 205 

Cys Ala Tyr Arg Pro Gin Ser Ser Gly Gin Val Glu Arg Met Asn Arg 

210 215 220 

Thr He Lys Glu Thr Leu Thr Lys Leu Thr Leu Ala Thr Gly Ser Arg 
225 230 235 240 

Asp Trp Val Leu Leu Leu Pro Leu Ala Leu Tyr Arg Ala Arg Asn Thr 

245 250 255 

Pro Gly Pro His Gly Leu Thr Pro Tyr Glu He Leu Tyr Gly Ala Pro 

260 265 270 

Pro Pro Leu Val Asn Phe Pro Asp Pro Asp Met Thr Arg Val Thr Asn 

275 280 285 

Ser Pro Ser Leu Gin Ala His Leu Gin Ala Leu Tyr Leu Val Gin Hie 

290 295 300 

Glu Val Trp Arg Pro Leu Ala Ala Ala Tyr Gin Glu Gin Leu Asp Arg 
305 310 315 320 

Pro Val Val Pro His Pro Tyr Arg Val Gly Asp Thr Val Trp Val Arg 

325 330 335 

Arg His Gin Thr Lys Asn Leu Glu Pro Arg Trp Lys Oly Pro Tyr Thr 

340 345 350 

Val Leu Leu Thr Thr Pro Thr Ala Leu Lys Val Asp Gly He Ala Ala 

355 360 365 

Trp lie His Ala Ala His Val Lys Ala Ala Asp Pro Gly Gly Gly Pro 

370 375 380 

Ser Ser Arg Leu Thr Tzrp Arg Val Gin Arg Ser Gin Asn Pro Leii Lys 
385 390 395 400 

He Arg Leu Thr Arg Glu Ala Pro 
405 408 

(2) INFORMATION FOR SEQ ID NO: 3: 

(i) SEQUENCE CHARACTERISTICS j 

(A) LENGTHS 23 base pairs 

(B) TyPEs nucleic acid 
<C) STRANDEDNBSSj single 
(D) TOPOLOGY J linear 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NOi3t 

CCTCTACCCT CCTCATAGAA AAT 23 



(2) INFORMATION FOR SEQ ID NO: 4: 
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(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 21 base pairs 

(B) TYPES nucleic acid 

(C) STHAKDEDNESS: single 

(D) TOPOLOGY: linear 

(xi) SEQUENCE PESCRIPTION: SEQ ID HO: 4: 
ACTATAACCC CCGAAACATC C 
(2) INFORMATION FOR SEQ 10 HO: 5 1 

(i) SEQUENCE CHARACTERISTICS; 

(A) LENGTH: 44 base paira 

(B) TYPE: nucleic acid 

(C) STRANDEDKESS: eingle 
(P) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 5: 

GGAGAT6GGA GGAGTATCTT TTATGATATT GGGGGCTTTG 
TAGG 

(2) INFORMATION FOR SEQ ID NO: 6: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 21 baae pairs 

(B) TYPE: nucleic acid 

(C) STRAKDEDNESS; single 

(D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 6: 
CTCGAACTAT CAGAGACCTT C 
(2) INFORMATION FOR SEQ ID NO: 7: 

(i) SEQTONCE CHARACTERISTICS: 

(A) LENGTH: 23 base pairs 

(B) TYPES nucleic acid 
<C) STRANDEDNESS: single 
<D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 7: 

CCTGTGATGC CTGACCAGTT TAC 

(2) INFORMATION FOR SEQ ID NO: 8: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 44 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NOsS: 

CAGCTTGATA GTCTCTGGAA GGGACACTAC GGACTGGTCA 
AATG 

(2) INFORMATION FOR SEQ ID NO: 9: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 23 base pairs 



wo 96/37626 



.76- 



(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOIiOGY: linear 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 9s 
CTACTAGAAC ACTTGGAAAA TCA 
(2) INFORMATION FOR SEQ ID NO: 10: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTHS 20 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEONESS: single 

(D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 10: 
CCATATGAGA TCTTATATGG 
(2) INFORMATION FOR SEQ ID NO: 11: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 43 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ IP NO: 11 5 

GATGATCTTG TGAACCTTTT AGTGGTATAC TCTAGAATAT 
ACC 

(2) INFORMATION FOR SEQ ID NO: 12: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 22 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:12£ 
GTATTGGGTC TACCAAGGAA AA 
(2) INFORMATION FOR SEQ ID NO: 13: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 22 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 13: 
CGAAAGAATT ATTCCCTAGA AG 
(2) INFORMATION FOR SEQ ID NO: 14: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 44 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 
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(xi) SEQUENCE DESCRIPTION: SBQ ID NO: 14: 

CATAACCCAG ATGOTTCCTT TTGCrTXCTT AATAAGGGAT 
CTTC 

(2) INFORMATION FOR SEQ ID HO: 15: 

(i) SEQUENCE CHARACTERISTICS: 

(A) X.ENGTH: 21 base pairs 

(B) TYPE: tiuclelc acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO:15i 

CCGGGCCCCC ATGGCCTCAC C 

(2) INFORMATION FOR SEQ ID NO: 16: 

(i) SEQUENCE CHARACTERISTiCS: 
(A) LENGTH: 20 base pairs 
<B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

<xi) SEQUENCE DESCRIPTION: SEQ ID NO: 16: 
CCATTTGAAA TTGATTTAGG 
(2) INFORMATION FOR SEQ ID NO: 17: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 41 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(xi) SEQTONCE DESCRIPTION: SEQ ID NO: 17: 

GGCCCGGGGG TACCGGAGTC CGGTAAACTT TAACTAAATC 
C 

(2) INFORMATION FOR SEQ ID NO: 18: 

(i) SEQUENCE CHARACTERISTICS: 
<A) LENGTH: 24 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(xi) SEQtTENCB DESCRIPTION: SEQ ID NO: 18: 
GAGAGATGGG GGAGGCTAAC TGAG 24 
(2) INFORMATION FOR SEQ ID NO: 19: 

<i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 28 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 19: 
GATCCTCAGT TAGCCTCCCC CATCTCTC 



I' 
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(2) INFORMATION FOR SEQ ID NO: 20: 

(i) SEQUENCE CHARACTERISTICS i 

(A) LENGTH: 37 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOFOUXsn linear 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO$20: 

TCGAGGATCC GCCCGGGCGG CCGCATC6AT GTCGAC6 37 

(2) INFOIUIATION FOR SEQ ID KO:21: 

<i) SEQUENCE CHARACTERISTICS: 
(A) IJ5N6TH: 35 base pairs 
<B) TYPE: nucleic acid 

(O) STRANDEDNESSs single J 
(D) TOPOI^OGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 21: 
CGCGTCGACA TCGATGCGGC CGCCCG06CG GATCC 35 



I 
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WE CLAIM: 

L A chimeric integrase protein which directs integration of a vector construct into a 
defmed region of a target eirfcaiyotic genonie. 

2. A chimeric integrase protein according to Claim 1 which directs integration of a 
vector construct into a re^on adjacent to a eukaiyotic gene transcribed by KNA 
polymerase m. 

3. A chimeric integrase protein according to Claim 2 wherein integration position- 
specificity is mediated by a doniain from Ty3 integrase. 

4. A chimeric retroviral integrase protein according to Claim 3, 

5. A chimeric retroviral integrase protein according to Claim 4 which is derived from 
Moloney murine leukemia virus. 

6. A chimeric retroviral integrase protein according to Claim 5 wherein the integrase 
comprises, from amino temunus to caihoxy terminus, domain A, domain B, and domain 
C, with at least one domain bdng derived from Ty3 integrase, 

7. A chimeric retroviral integrase protem according to Claim 6 selected from the 
group consisting of AmBmCt, AmBtCm, AmBtCt, AtBtCm, and AfBmCm, \^^erein •*m*' 
denotes a dommn derived from MoMLV integrase and V denotes a domain derived 
from Ty3 integrase. 

8. A chimeric integrase protein according to Claim 1 vMch is incorporated into a 
gene delivery vehicle, wherein the gene delivery vehicle further comprises a vector 
construct encoding a heterologous gene product selected from the group consisting of a 
polypeptide, an antisense KNA, a sense KNA, and a ribozyme, 

9. A vector construct comprising at least one element which controls gene 
expression in functional association with a gene encoding a chimeric integrase protein 
according to any one of Claims 1 to 7, 

10. A host cell into which a vector construct according to Claim 9 has been 
introduced. 
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IL A method for producing a chimeric integrase protein, the method comprising 
growing under suitable nutrient conditions a host cell according to Claim 10 in a manner 
allowing expression of the chimeric integrase protein. 

12, A chimeric inte^^ase protem according to Claim 1 that is isolated. 

13, A packaging cell for production of recombinant viral particles, \\*erein the 
packaging cell produces a chuneric integrase protem according to Claim 1. 

14- A gene delivery veWcle comprising CO a chimeric integrase protein to direct 
integration of a vector construct into a defined region of a tatget eukaiyotic genome and 
01) the vector construct. 

15. A transduction competent recombinant retroviral particle comprisuig (i) a cWmeric 
retroviral integrase to dkect integration of a recombmant retroviral vector constmct into a 
region adjacent to a eukaryotic gene transcribed by RNA polymerase HI and (ii) the 
recombinant retroviral vector construct. 

16. A transduction competent recombinant retroviral particle according to Claim 15 
which leads to a reduced rate of insertional mutagenesis caused by integration of the 
recombinant retroviral vector construct into a eukaryotic genome as compared to 
integration of the recombinant retroviral vector construct mediated by a transduction 
competent recombinant retrovu^al particle carrying wld type retroviral integrase protein, 

17. A transduction competent recombinant retroviral particle accordmg to Claim 15 
which in transduced eukaryotic cells leads to decreased variation in expression of a gene 
of interest carried by the recombinant retroviral vector construct as compared to 
expression of the gene of interest in eukaryotic cells transduced with a transduction 
competent recombinant retroviral particle carrying wild type retroviral integrase protem. 

18. A pharmacwtical composition comprismg a gene delivery vehicle according to 
Claim 14 and a pharmaceutically acceptable carrier. 

19. A pharmaceutical composition comprising a transduction competent recombinant 
retroviral particle according to Claim 15 and a pharmaceutically acceptable carrier 



,1 
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20. A pharmaceutical con^osition comprising a transduction competent recombinant 
retroviral particle that is lyophilized. 

21. A eukaiyotic cell genome comprising a vector construct integrated into a defined 
re^on. 

22. A eukaiyotic cell genome according to Claim 21 wherein the defined region is a 
region adjacent to a eukaryotic gene transcribed by RNA polymerase HI. 

23. A transduced eukaiyotic cell comprising a recombinant retroviral vector constmct 
in a re^on adjacent to a gene transcribed by RNA polymerase IH, wherein integration of 
the recombinant retroviral vector construct is mediated by a chimeric retroviral integrase 
which directs integration of the recombinant retroviral vector construct into a region 
adjacent to eukaiyotic genes transcribed by RNA polymerase HI. 

24. A method of introdudng a vector construct into a eukaiyotic cell genome such 
that there is a reduced rate of insertional mutagenesis caused by integration of the vector 
construct into the eukaryotic cell genome as compared to the rate of insertional 
mutagenesis caused by integration of the vector construct by a wild type integrase protein, 
the method comprising introducing the vector construct into the eukaryotic cell genome 
using a chimeric integrase protein according to Claim 1. 

25. A method of introducing a vector construct into a defined region of a eukaryotic 
cell genome such that there is decreased variation in expression of a gene of interest fi-om 
the vector construct in eukaryotic ceUs into which the vector construct is introduced as 
compared to expression of the gene of interest in eukaryotic cells wherein the vector 
construct is introduced using a wild typo integrase protdn, the method comprising 
introducing the vector construct into the eukaryotic cell genome using a chimeric 
mtegrase protem according to Claim 1. 

26. A method of treating a disease selected form the group consisting of a genetic 
disease, a cancer, an infectious disease, a degenerative disease, an inflammatory disease, a 
cardiovascular disease, and an autoimmune disease, the method comprising in vivo 
administration to a patient of a gene deliveiy vehicle which directs the integration of a 
vector construct into a defined region of a target eukaryotic genome. 
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27* A method of treating a disease selected form the group consisting of a genetic 
disease, a cancer, an infectious disease, a degenerative disease, an inflammatoiy disease, a 
cardiovascular disease, and an autoimmune disease, the method comprising administering 
to a patient cells treated ex vivo with a gene delivery vehicle which du-ects the integration 
of a vector construct into a defined region of a target eukaryotic genome* 

28, A method according to Claim 26 wherdn the cells treated ex vivo are autdogous 
cells. 
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